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I. — On  Insensibiliti/  aridng  from  a  Deficiency  of  Oxygm  in  the 
Air.    By  Dr.  Wallace,  President. 


[Read  before  the  Society,  15th  November,  1882.] 


The  evil  effects  of  breathing  the  air  of  crowded  apartments  were 
formerly  ascribed  to  tlie  existence  in  such  air  of  an  abnormal 
quantity  of  carbon  dioxide,  usually  called  carbonic  acid  gas,  which 
was  stated  to  be  a  deadly  poison;  but  the  views  of  chemists  and 
physiologists  in  regard  to  this  liave  been  much  modified  of  late 
years,  and  some  authorities  have  gone  so  far  as  to  express  the 
opinion  that  it  is  not  a  poison  at  all,  in  the  ordinary  sense  of  the 
word.  A  little  consideration  will  show  that  the  effects  resulting 
from  breathing  the  air  of  a  confined  and  overcrowded  apartment 
cannot  be  due  (jxclusively,  or  even  chietiy,  to  the  presence  of 
carbonic  acid  gas;  for  that  gas,  as  well  as  the  aqueous  vapour  of 
the  breath,  is  formed  at  the  expense  of  the  oxygen  of  the  air, 
which  diminishes  in  constant  ratio  to  the  increase^  of  the  products 
of  the  combustion  of  our  food.  For  every  per  cent,  of  carbonic 
acid  gas  produced,  there  is  a  little  more  than  1  per  cent,  of 
oxygen  taken  up.  Allowing,  then,  that  carbonic  acid  is  to  some 
extent  detrimental  to  the  system  when  breathed,  the  effects  to 
wliich  I  have  referred  are,  at  least  partly,  due  to  the  diminished 
proportion  of  oxygen;  and  there  is  the  further  complication  of  an 
atmosphere  saturated  with  aqueous  vapour,  and  contaminated 
with  the  undefined  volatile  organic  emanations  from  skin  and 
lungs,  which  give  a  peculiar  and  oppressive  feeling  of  "  closeness  " 
to  the  overcrowded  and  unventilated  room.  I  think,  however, 
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that  phyBiologistS'are  now  agreeil  that  the  lethargy,  auiouutiug  in 
^-xtreine  ca.si.*.?i'«to'coma,  produced  by  bi'eatliing  such  air,  results 
irftui  defici/:;^iit  oxygenation  of  the  bhjod ;  and  it  is  a  fair  inference 
that  ih*\fH^^l  important  factor  in  the  phenomenon  is  the  lessened 
projioctloii  t>f  oxygen.  The  normal  proportion  of  that  gas  is  from 
20 -0  p*;r  cent,  of  the  air  when  freed  from  aqueous  vapour; 
anil  Dr.  ^Vngus  Smith  has  shown  conclusively  that  this  proportion 
o^nnol  \}*;  alt^^-HMl,  even  to  tiio  extent  of  I  per  cent.,  without  pro- 
'  fli4cing  apj^reciable  ellects,  while  a  loss  of  i  p(?r  cent.  giv(^s  rise  to 
•#l6rious  inconvenience,  and  air  containing  only  20  per  cent,  of 
'oxy^f'U  may  produce  grave  consequences  if  breiithed  for  a  con- 
Kidentbh;  tim*?.  On  the  other  hand,  a  man  can  breathe,  for  a 
short  tiiii",  an  atmosphere  containing  only  IG  per  cent,  of  oxygen 
and  alK>ut  4  jxrr  cent.  f»f  carbonic  acid  gas.  When  the  deliciency  of 
oxygen  fxci'eds  thi.s  to  a  sensible  extent  a  Ciindle  rofu.se.s  to  burn, 
and  a  man  expos'.'d  to  it  is  speedily  overcome  and  becomes  insensible. 

Ill  Jill  orrlinary  instances  of  this  kind  there  are  the  complications 
f  have  8j>ok*-n  of,  and  I  have  thought  the  jSocicty  would  be 
interestefl  in  a  case  which  came  under  my  notice  about  six  months 
since,  in  which  there  are  no  such  comi>lications. 

fn  tlie  construction  of  a  railway  bridge  over  the  Forth,  near 
Alloa,  a  numV>er  of  iron  cylinders  were  simk  in  sections  or  rings 
of  0  {<iOt  diamet<.T  and  several  feet  in  height,  and  making  up  in 
all,  when  finished,  about  60  feet.  T  will  not  go  into  the 
mechanical  details  of  the  construction  of  the  cylinders,  except  in 
HO  far  as  to  say,  that  the  sections  were  placed  one  on  the  top  of 
the  other  in  such  a  way  that  a  rather  wide  space  was  left  all 
rfiund,  which  had  to  be  tilled  up  from  the  inside  with  a  rusting 
rom}Kjsition,  well  known  to  engineer,  composed  of  iron  tuniings 
mixed  with  a  small  quantity  of  fiowei-s  of  sulphur,  with  the 
midition,  in  somp  cases,  of  a  little  powdered  sal-ammoniac.  This 
mixtun;,  when  wett«d  with  water,  soon  oxidizes  and  swells  up  so 
OS  in  completely  fill  up  the  spaces  into  which  it  is  thinist.  At 
the  Alloa  bridge  a  considerable  number  of  the  cylinder  had  been 
erected — the  most  of  the  "rusting"  having  been  done  by  one  man, 
who  mixed  up  the  composition  with  water  in  a  pail  and  api)lied  it 
to  the  joints  without  l)eing  affected  by  it  to  any  appreciabhj 
extent.  On  one  day,  however,  I  think  about  the  beginning  of 
May,  when  there  was  a  perfectly  still,  somewhat  liazy  atmos- 
phere, and  considerable  heat  without  direct  sunshuie,  this  man 
was  observed  to  become  overpowered  by  some  mysterious  influence. 
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and  a  companion  descended  by  a  windlass  on  the  top  to  bring  him 
up.  He  managed  to  get  him  propped  up  in  the  bucket,  in  which 
he  was  pulled  up  to  the  fresh  air,  when  he  soon  revived;  but  his 
deliverer  was  in  turn  overpowered,  and,  falling  back  into  a  i)oo\ 
of  water  at  the  bottom  of  the  cylinder,  was  drowned.  One  of  the 
contractoi-s  now  descended,  taking  care  to  fasten  a  rope  to  hLs 
body  in  case  he  too  might  be  rendered  insensible  by  the  noxious 
gas,  wJiich  was  now  supposed  to  be  present  at  the  bottom  of  the 
cylinder;  and  fortunately  so,  for  he  speedily  succumbed  and  was 
immediately  pulled  up  by  the  rope. 

On  being  consulted  regarding  this  apparently  mysterious  occur- 
rence, I  at  once  saw  that  the  theory  of  an  accumulation  of  carbonic 
acid  or  other  noxious  gas  at  the  bottom  of  the  cylinder  was 
untenable,  for  the  bottom  was  covered  with  water,  and  no  gas 
could  have  come  up  from  the  bed  of  the  river  without  being  seen 
bubbling  through  the  water.  A  few  experiments  with  the  rusting 
composition,  a  quantity  of  which  was  supplied  to  me,  clearly 
showed  that  it  absorbed  oxygen  from  the  air  with  great  rapidity, 
so  that  in  one  of  my  experiments  a  portion  of  air  was  depi-ived  of 
its  oxygen  in  ten  minutes  to  such  an  extent  that  it  would  no 
longer  suppoi*t  the  combustion  of  a  candle,  and  in  two  hours  16 
per  cent  was  absorbed.  In  another  case,  continued  for  a  longer 
period,  a  loss  of  20 i  per  cent,  occurred,  or  nearly  the  whole  of  the 
oxygen.  At  the  same  time  the  mixture  became  very  waim,  the 
temperature  in  one  case  rising  to  156'°  Fahr.,  while  the  iron 
oxidized  and  the  mixture  acquired  a  brown  colour.  I  had  no 
hesitation,  tJierefore,  in  ascribing  the  accident  to  the  absorption  of 
tlie  oxygen  of  the  air  in  the  cylinder  by  the  rusting  composition, 
coupled  with  the  peculiar  condition  of  the  atmosphere,  which, 
while  it  favoured  chemical  action  between  the  oxygen  and  the 
iron  and  sulphur  in  the  mixture,  prevented  the  circulation  of  the 
air  in  the  cylinder,  which  usually  took  place  to  a  sufficient  extent 
to  prevent  serious  consequences.  The  deadly  gas  at  the  bottom 
of  the  cylinder  was  therefore  nothing  more  nor  less  than  the 
nitrogen  which  constitutes  four-fifths  of  the  bulk  of  our  atmos- 
phere, but  which,  deprived  of  its  companion  oxygen,  is  entirely 
unable  to  support  respiration.  We  have  in  this  unfortunate 
occun^ence,  by  which  one  life  was  lost  and  others  endangered,  a 
justification  of  the  German  name  of  nitrogen,  stickstoff — which 
may  be  freely  translated  choke-stuff  or  choke-damp — a  name  which 
in  our  language  is  applied  exclusively  to  car>)onic  acid  gas. 
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II. — On  Technical  Education.    By  David  Sandeman  and  K.  M. 
Dixon,  B.Sc. 


[Read  before  the  Society,  (>th  December,  1882.  J 


Apart  from  the  fact  that  three  yeare  have  elapsed  since  a  paix^r 
has  been  brought  before  this  Society  upon  the  question  of  communi- 
cating to  young  persons  the  peculiar  kind  of  knowledge  wliich  it 
fosters  and  disseminates,  the  time  seems  to  have  arrivod  foi*  the 
Society  to  consider  how  its  educational  functions  are  likely  to  be 
affected  by  the  recent  acts  of  the  Legislature.  We  therefore  hav(^ 
thought  that  a  paper  discussing  the  relations  of  the  school  to  the 
workshop  would  at  present  lead,  at  least,  to  a  useful  discussion  of  the 
question,  and  that  we  might  also,  by  such  a  pai)er,  put  before  this 
Society  an  opportunity  of  making  its  voice  heard  by  the  various 
educational  bodies  that  are  now  interest4?(l  in  the  Royal  Commis- 
sions that  have  been  res|)ectively  charged  with  the  investigation 
of  the  condition  of  technical  education  at  home  and  abroad,  and 
with  the  rean*angement  of  the  educational  endowments  that  are 
generally  believed  to  be  now  yielding  only  partially  satisfactory 
results.  At  all  events,  we  intend  to  consider  the  question  that 
gives  the  title  to  the  present  communication  in  the  light  of  the 
duties  that  have  been  assigned  to  the  two  Commissions  nam(?d. 

That  the  efficient  management  of  any  industry  requires  the 
combination  of  many  talents  and  of  much  knowledge  is  a  truism 
that  never  required  scTious  discussion.  The  advocate  of  technical 
education  is,  we  believe,  quite  equalled  in  the  recognition  of  that 
fact  by  those  who  believe  that  it  is  a  passing  whim,  which  will 
disturb  the  business  world  more  or  less  for  a  season,  and  finally 
be  relegated  to  the  limbo  that  has  already  received  many  othi-v 
insufficient  remedies  for  social  ills.  The  question  that  is  i-eally 
agitating  manufacturers  and  legislatora  is  not  whether  our  industrial 
prosperity  demands  from  those  who  conduct  these  industries  much 
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skill  and  many  talents,  but  what  is  the  way  in  which  the  necessary 
skill  can  be  secured  1  In  seeking  for  an  answer  to  that  question, 
some  turn  to  the  workshop  and  others  to  the  school;  and  we  there- 
fore believe  some  good  may  be  done  if  we  are  fortunate  enough  in 
this  communication  to  throw  even  a  little  light  upon  the  respec- 
tive functions  of  these  two  institutions,  and  on  the  relation  in 
which  they  either  actually  do  stand  or  ought  to  stand  towards  each 
other. 

Now,  for  practical  purposes  it  is  not  necessary  to  attempt  to 
define  with  faultless  logic  the  precise  functions  of  the  school  and 
the  workshop ;  the  ordinary  understanding  as  to  the  distinction 
between  them  is  quite  suitable  for  our  purpose.  That  understand- 
ing is  that  the  function  of  the  school  is  to  teach,  and  the  function  of 
the  workshop  is  to  execute  work.  On  the  other  hand,  a  place  in 
which  manual  work  is  taught,  but  where  it  is  not  practiced  in  the 
oixiinary  way  of  business,  we  shall  call  a  school-workshop.  In 
this  broad  sense  we  shall  use  these  terms  throughout  the  present 
paper. 

On  this  understanding,  then,  we  shall,  in  the  lirst  place,  consider 
the  sphere  of  action  of  the  Elementary  School  and  the  relation  in 
which  it  stands  to  the  workshop,  pointing  out,  at  the  same  time, 
the  attempts  that  are  being  made  at  present  to  bring  them,  in 
the  case  of  certain  tmdes,  into  closer  union  than  has  hitherto 
existed. 

I. 

An  elementary  school  is  one  that  carries  on  the  systematic 
education  of  children  to  the  point  that  may  be  reached  by 
those  of  good  average  intelligence  at  about  their  thirteenth  year. 
The  subjects  that  form  the  intellectual  nutriment  of  the  pupils 
of  such  schools  may  be  said  to  consist  of  English  grammar, 
geography,  history,  and  arithmetic,  with  some  notions  of  geo- 
metry acquired  by  using  drawing  instruments,  a  few  rudimen- 
tary conceptions  of  science  in  some  cases,  and  a  slight  smattering 
of  the  grammar  of  Latin  or  French  in  others.  It  is  not  the 
business  of  this  paper  to  criticise  the  methods  whereby  this 
range  of  subjects  is  attempted  to  be  brought  within  the  compass 
of  the  comparatively  early  age  at  which  the  pupils  generally  leave 
elementaiy  schools;  but  it  may  be  said,  without  implying  the 
slightest  condemnation  of  our  educational  methods,  that  when 
such  a  programme  of  study  has  to  be  gone  over  in  so  short  a 
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space  of  time,  we  need  not  be  surprised  that  the  faculty  of  the 
pupils  that  is  generally  found  to  have  received  most  development 
is  the  faculty  of  memory,  and  that  their  power  of  thiiJciiiy  seems, 
in  very  many  cases,  to  have  scarcely  been  awakened.  We  do  not 
assert  that  the  reasaning  power  of  children  of  thirteen  yeai-s  of  age 
could,  as  a  rule,  by  any  programme  of  study,  or  hy  any  method 
of  education,  be  otherwise  than  in  a  comparatively  rudimentary 
state.  We  know  that  age  is,  with  other  things,  requisite  for  the 
development  of  the  reasoning  powers.  We  simply  seek  to  make 
it  clear  that,  notwithstanding  the  gi'eat  benelits  that  have  come, 
and  are  unquestionably  still  to  come,  from  the  adoption  of  a 
national  system  of  elementary  education,  the  fact  remains  that  the 
great  mass  of  the  pupils  of  elementary  schools  must  of  necessity 
leave  school  with  their  reasoning  faculties  still  compamtively 
undeveloped,  and  that  this  fact  is  the  more  likely  to  be  true  of 
a  larger  proportion  of  the  youthful  population  of  the  counti^ 
just  as  the  course  of  study  is  rendered  more  and  more  mechanical. 
We  think  that,  in  the  Ciise  of  children  whose  education  must  to 
all  intents  and  puqwses  t(?rminate  at  about  thii'teen  yeai*s  of  age, 
special  pains  should  be  bestowed  on  training  them  to  think,  as  far 
as  their  age  will  permit,  and  on  keeping  out  of  their  programme 
of  study  all  subjects  that  cannot  be  carried  within  their  school- 
years  to  a  moderate  degree  of  completeness.  Concentration,  rather 
than  expansion,  should  be  the  watchword  of  the  elementary  school, 
and  it  should  be  remembered  that  pupils  are  much  more  likely  to 
lea\  e  school  with  a  desire  to  add  to  the  information  they  may  have 
there  received,  when  they  acquire  that  information  through  the 
exercise  of  their  reason,  than  when  they  merely  carry  it  about  for 
a  time  in  their  memory.  If  these  principles  are  not  as  yet  found 
to  be  very  generally  or  very  fully  recognized  in  the  management  of 
the  elementary  schools  of  this  country,  we  believe  that  the  explana- 
tion chiefly  lies  in  the  absence  of  an  organized  system  of  secondary 
education,  whereby  the  elementary  school  is,  for  the  time  at  least, 
compelled  to  expand  its  cumculum  unduly,  and  to  attempt  the 
teaching  of  subjects  that  it  is  unable  to  deal  with  satisfactorily. 
We  thiuk  that  the  great  educational  want  now  existing  is  a  well- 
organized  set  of  secondary  schools;  and  our  opinion  is  that  until  a 
sufficiency  of  such  schools  has  l>een  for  some  time  in  operation 
neither  the  elementaiy  school,  on  the  one  hand,  nor  the  technical 
school  on  the  other,  will  be  able  to  assume  its  pi'oj>er  ]K)sitiou. 
We  therefore  hope  that  the  Commissionei*s,  who  have  now, 
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practically,  in  their  hands  the  Scotch  educational  endowments, 
will  find  themselves  —  after  providing  for  elementaiy  education 
according  to  the  founders*  intentions — in  possession  of  the  means 
of  instituting  at  least  tlie  nucleus  of  a  system  of  secondary 
education. 

Turning  now  to  the  workshop,  we  have  to  see  the  steps  whereby 
the  pupil  of  the  elementary  school  rises  to  the  position  of  a  work- 
man ;  but,  as  this  part  of  our  subject  has  been  recently  handled  by 
many  writers  of  large  experience  both  in  trade  and  in  education, 
it  is  unnecessary  for  us  to  dwell  long  upon  it.  The  point  on  which 
we  desire  chiefly  to  concentrate  attention  is  the  fact  that,  in  many 
industries  at  least,  so  little  attention  is  now  given  to  the  training 
of  the  youthful  apprentice  that  the  first  two  yeai*s  of  his  appi'en- 
ticeship  are,  in  great  measure,  wasted.  We  are  aware  that  the 
age  at  which  boys  begin  their  apprenticeship  is,  as  a  inile,  such  as 
to  prevent  the  possibility  of  their  learning  much  of  their  trade  for 
two  years  after  they  leave  scliool,  but  we  insist  that  this  evil  is 
greatly  intensified  by  the  want  of  a  serious  effort  to  instruct 
apprentices  in  their  craft.  We  do  not  mean  to  convey  by  these 
remarks  any  charge  of  breach  of  faith  on  the  part  of  employers 
towards  their  apprentices.  The  cause,  as  we  think,  has  a  deeper 
root  than  that.  We  believe  that  the  old  foi*m  of  apprenticeship — 
which,  so  far  as  the  production  of  intelligent  craftsmen  was  con- 
cerned, was  unquestionably  suj^erior  to  tlie  form  that  has  recently 
taken  its  place — is  gone  with  many  other  things  of  the  past,  never 
to  return.  The  world's  work  is  now  carried  on  in  all  sorts  of 
ways  differently  from  that  in  which  it  moved  in  what  we  all  are 
disposed  to  call  the  good  old  times.  Division  of  labour  has  been 
pushed,  within  the  last  half  centiny,  to  an  extent  not  previously 
thought  of,  and  out  of  that  alone  have  come  many  consequences 
that  have  already  involved  a  complicated  series  of  social  adjust- 
ments. The  real  root,  perhaps,  of  all  tlie  leading  social  changes 
in  our  day  is  to  be  found  in  the  application  of  the  steam-engine  to 
the  purposes  of  locomotion  and  of  manufacture ;  but  the  advantages 
that  have  come  from  these  applications  are  so  vast,  that  all  man- 
kind is  willing  to  purchase  them,  even  at  the  expense  of  much 
ti-ouble  to  discover  the  social  re^idjustments  that  have  become 
thereby  inevitable.  What  are  to  be  our  modem  methods  of 
general  as  well  as  of  special  education  are  now  being  eagerly  dis- 
cussed in  all  civilized  countries ;  and  certainly  there  can  l)e  no  moi*e 
impoi-tant  social  question  for  a  community,  than  the  devising  of 
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the  best  means  of  securing  the  greatest  possible  amount  of  intel- 
ligence on  the  part  of  the  greatest  possible  number  of  its  membeiu 
We  think  that  the  neglect  of  the  apprentice  is  tem)K)rary,  and 
that  he  will  receive  his  due  so  soon  as  the  (question  of  teaching 
trades  has  been  solved  in  a  way  that  commands  public  approval. 

Bearing  in  mind  that  wo  an^  considering,  for  the  moment,  the 
transformation  of  the  average  pupil  of  an  elementary  school  into 
an  ordinary  workman,  we  now  proceed  to  pass  under  review  some 
experiments  that  are  being  made  to  prepare  such  boys  to  pass 
from  the  school  to  the  workshop.  We  shall  select,  as  our  chief 
example,  the  now  somewhat  celebrated  school  in  the  Hue  Tounie- 
fort,  Paris.  To  this  school  attention  has  been  drawn  within  the 
last  two  or  three  years  by  several  educationists  in  this  coimtry, 
and  it  has  also  received  special  notice  from  the  Royal  Commis- 
sioners on  Technical  Education.  Ar  we  shall  see  presently,  it  has 
been  visited  a  few  months  ago  by  a  deputation  from  the  School 
Board  of  Manchester,  which  has  reported  in  favour  of  somewhat 
similar  experiments  being  made  in  two  of  the  schools  under  that 
Board. 

The  idea  underlying  these  experiments  is  that  it  is  possible 
to  teach  the  rudimonts  of  practical  workmanship  to  boys  when 
at  school,  and  so  to  prepare  them  for  subsequently  learning  their 
trades  better,  and  in  a  shorter  time  than  can  be  done  by  the  pre- 
vailing form  of  apprenticeship.  In  some  cases  a  lai-ger,  and  in 
other  cases  a  smaller  amount  of  practical  instruction  is  being 
attempted,  but  still  one  common  idea  nuis  through  all — viz.,  the 
possibility  of  combining  with  ordinary  school  work  the  teaching 
of  the  elements  of  practical  workmanship.  In  the  School  already 
named — viz.,  the  school  of  the  Rue  Toumefort  in  Paris — a  con- 
siderable amount  of  the  pupils'  time  is  given  to  practical  work- 
manship ;  and  the  attempt  is  there  made  to  communicate  to  the 
pupils,  who  remain  at  school  till  they  complete  the  curriculum  of 
study,  a  very  substantial  amount  of  skill  in  the  tmde  that  they 
intend  to  follow.  This  attempt  would  appear  to  be  very  successful ; 
but  it  is  easy  to  see  that,  since  the  boys  leave  school  at  or  about  1  ^ 
yeai*8  of  age,  it  is  im^wssible  for  them  to  acquire  so  much  knowledge 
of  pmctical  workmanship  except  at  the  expense  of  their  ortlinary 
school  education.  This  fact  has  caused  the  municipal  authorities 
of  Paris  to  restrict  the  amount  of  manual  work  in  the  elementary 
schools  into  which  they  have  recently  introduced  it.  Witli  this 
i-estriction,  the  results  obtained  }jp])oar  to  be  giving  satisfaction, 
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if  we  may  judge  from  the  fact  that  manual  work  has  been  lately 
introduced  into  about  fifty  other  elementary  schools  in  Paris.  The 
delegates  from  the  School  Board  of  Manchester  have  taken  these 
lately  instituted  schools  as  their  model,  and  the  words  of  their 
Report  referring  to  these  schools  may  be  here  appropriately 
quoted : — 

"After  a  careful  examination  of  the  processes  of  ordinary 
"  instruction  employed  in  the  schools  of  Paris,  we  are  not  disposed 
"  to  recommend  any  changes  in  the  methods  which  are  in  such 
"  successful  operation  in  our  own  Board  Schools.  .  .  .  The  two 
"  features  in  which  there  is  any  fundamental  difference,  compared 
"  with  our  schools,  are: — 

1st.  The  introduction  of  *  manual  instruction '  into  some  of  the 
"  boys*  schools,  which,  from  its  apparent  success,  is  likely 
**  to  become  general. 

*'  2nd.  The  more  general  and  methodical  teaching  of  drawing  in 
the  Schools,  which  gives  an  important  training  both  to 
baud  and  eye. 

"  The  primary  object  of  the  manual  instruction  is  to  familiarize 
"  the  boys  with  the  tools  and  instruments  which  are  used  in  the 
"  ordinary  mechanical  trades,  to  give  them  dexterity  of  hand,  and 

to  bring  them  up  in  habits  of  industry.  As  a  physical  exercise 
**  manual  instruction  is  of  importance,  and  forms  a  healthful  and 
"  agreeable  variety  to  the  course  of  intellectual  training. 

"  The  manual  instiniction  is  rendered  more  interesting  and  useful 
"  by  short  lectures  given  each  week  on  the  nature  of  the  various 
"  kinds  of  wood  and  other  materials  employed.  Thus  specimens  are 
"  shown  of  the  tree  in  its  native  state,  and  in  its  different  forms,  up 
"  to  some  finished  article.  The  boys  are  allowed  to  take  home  the 
**  completed  specimens  of  their  work.  The  instruction  in  manual 
"  labour  does  not  interfere  with  the  ordinary  coui'se  of  school  work. 
"  The  time  allotted  to  it  is  left  to  the  discretion  of  the  director,  and 
"  in  the  schools  which  we  visited  the  hours  for  manual  labour  were 

from  7  to  8.30  a.m.,  and  from  4  to  5.30  p.m.  At  present  only 
"  boys  of  12  years  of  age  and  upwards  are  allowed  to  go  to  the 
"  workshops,  and  the  attendance  is  voluntary  ;  for  the  most  part, 
"  however,  the  boys  show  a  decided  taste  for  these  school- wo rk- 
"  shops.    It  is  in  contemplation  to  make  manual  instruction  com- 

pulsory. 
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"  We  do  not  hesitate  to  recommend  the  Board  to  introduce  into 
"  one  or  two  schools  manual  occupations,  by  way  of  experiment. 
"  The  schools  we  would  suggest  for  this  purpose  are  the  Lancas- 

terian,  in  Marshall  Street,  Oldham  Road,  and  the  Sluirp  Street 
"  schools  —  the  former  having  children  of  a  somewhat  superior 
**  class,  paying  higher  fees ;  the  other  situated  in  a  poor  locality, 
"  at  the  lowest  scale  of  fees.  In  these  schools  there  is  the  needful 
"  space,  and  the  experiment  can  be  made  at  a  very  slight  cost." 

With  regard  specially  to  the  first  school  in  Paris  in  which 
manual  instruction  was  combined  with  ordinary  elementary 
instruction — viz.,  the  school  in  the  Rue  Tournefort — the  Royal 
Commissioners  on  Technical  Education  make  the  following 
remarks : — 

**This  school  was  established  on  its  present  footing  in  1873. 
"  Until  the  beginning  of  last  year  trade  instruction  was  commenced 
"  at  the  age  of  ten  years,  and  continued  for  three  years.  During 
"  the  first  two  years  every  child  was  taught  drawing,  modelling, 
"  carving,  joiners'  work,  and  smiths'  and  fittei-s'  work.  In  the 
"  third  year  the  work  was  specialized,  some  of  the  children  being 
"  taught  modelling  and  carving,  othere  joiners'  work  and  cabinet 
'*  making,  othere  again  forging  and  fitting.   Since  the  beginning  of 

last  year  the  same  plan  has  been  continued,  but,  in  addition,  the 
"  children  in  the  lowest  classes,  beginning  even  at  six  yeai-s  of  age, 
"  have  three  lessons  of  one  hour  each  per  week  of  the  instruction 
"  in  handicrafts,  which,  until  then,  did  not  begin  until  they 
"  had  attained  the  age  of  ten  years. 

"  Although,  as  has  been  said,  the  work  is  specialized  in  the  last 
"  year,  the  pupils  engaged  in  modelling  and  carving  return  one 
"  day  in  each  week  of  that  year  to  the  joiner's  bench  and  the 
**  forge,  the  joiners  and  turners  return  to  the  forge  and  modelling, 
"  and  the  smiths  to  modelling  and  joiners'  work.  *' 

Such  are  some  of  the  experiments  that  are  being  made  to  enable 
boys  that  are  to  become,  for  the  most  part,  oi-dinary  workmen  to 
obtain  a  fair  amount  of  general  education,  and  to  receive,  while  so 
doing,  that  preliminary  training  in  workmanship  which,  at  the 
e^irly  age  at  which  tluy  must  leave  school,  is  really  indispensable, 
but  with  which  they  are  inadequately  provided  in  workshops  as  at 
present  constituted.  Nothing  but  actual  experience  can  settle  the 
question  as  to  how  far  tiiese  experiments  are  on  right  lines,  but 
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our  personal  opinion  is  that  they  will  be  successful  if  properly 
conducted,  and  if  nothhig  is  attempted  beyond  communicating 
a  knowledge  of  how  to  liandle  tools,  and  some  skill  in  mechanical 
drawing.  All  boys  should,  indeed,  learn  at  least  something 
regarding  the  use  of  tools,  and  every  boy,  moreover,  is  pleased 
to  work  with  them.  These  two  facts  are  powerful  reasons  for 
the  introduction  of  manual  instruction  into  all  our  schools,  but 
especially  into  the  schools  that  are  attended  by  boys  who,  in 
the  ordinary  course  of  things,  must  become  artisans.  It  seems 
to  us,  indeed,  that  instiniction  of  this  kind  is  so  important,  under 
the  circumstances  now  existing,  that  the  question  should  not  be 
so  much  why  should  we  introduce  it  into  the  programmes  of  our 
schools,  as  why  should  we  exclude  it  1  No  doubt,  the  prevailing 
age  of  the  pupils  in  our  elementary  schools  causes  difficulties  that 
are  not  to  be  overcome  without  a  serious  desire  and  effort  to 
overcome  them ;  but  the  experiments  that  have  so  far  been  made 
encourage  the  hope  that  success  is  attainable. 

TL 

We  now  come  to  consider  the  case  of  secondary  schools,  with 
regard  to  the  manner  in  which  they  either  actually  do  or  might 
prepare  boys  for  industrial  pursuits.  We  may  say  at  the  outset, 
that  secondary  schools  differ  from  elementary  schools  in  several 
respects,  but  that  these  differences  have  their  root  in  the  condi- 
tion as  to  wealth  which  characterise  the  various  strata  of  society. 
Speaking  generally,  men  possessed  of  means  desire  their  children 
to  grow  up  well  educated,  and  are  sufficiently  intelligent  to 
know  that  this  necessai-ily  involves,  among  other  things,  that 
they  should  remain  at  school  till  at  least  their  sixteenth  year. 
We  may,  no  doubt,  admit  that  the  great  mass  of  men  desire 
to  see  their  children  well  educated,  and  that  they  keep  them 
at  school  as  long  aa  their  means  enable  them  to  do  so.  But 
higher  education  is,  as  a  rule,  within  the  reach  of  the  wealthier 
classes  only";  and  we  cannot  do  much  more  than  lament  the  fact 
that  the  world  loses  in  thousands  of  cases  the  advantages  it  might 
otherwise  have,  if  the  natural  abilities  of  every  child  were  fully 
developed  by  education.  Secondary  schools,  then,  are,  as  a  rule, 
schools  for  the  education  of  the  children  of  men  who  are  superior  as 
regards  wealth  to  ordinary  working  men  ;  and  the  pupils  of  such 
schools  are,  as  a  rule,  kept  under  systematic  instruction  till  at 
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least  their  sixteenth  or  seventeenth  year,  after  which  some 
proceed  to  mercantile  pursuits,  others  learn  a  branch  of  manu- 
facture, and  others  betake  themselves  to  the  so-called  learned 
professions. 

Now,  in  the  organizing  of  schools  of  this  class,  the  educationist 
is  able  to  itjckon  upon  having  under  instruction  for  some  time  boys 
of  a  certain  degree  of  maturity  of  mind,  and  he  can  therefore  in- 
troduce into  his  curriculum  of  study  subjects  not  merely  calculated 
to  instruct  his  pupils,  but  also  to  call  forth  the  higher  intellectual 
faculty  of  thought.  He  has  time  and  opportunity,  indeed,  suffi- 
cient to  enable  him  to  attend  not  only  to  the  yeneral  education  of 
his  pupils,  but  also  to  take,  in  some  cases,  a  few  preparatory 
steps  in  the  direction  of  their  professional  education.  He  will, 
however,  carefully  prevent  the  professional  education  from 
encroaching  ujKjn  the  general  c'ducatiou,  which  is  the  great  means 
of  securing  the  harmonious  development  of  the  mental  powers  of 
his  pupils  ;  for  he  well  knows  that  professional  education  is,  strictly 
speaking,  impossible  to  any  pupil  whose  mind  has  not  received  the 
discipline  of  a  general  education  embi-acing  the  development  of 
all  his  faculties.  Moreover,  he  will  bear  in  mind  the  fact  that 
the  professional  education  he  may  be  able  to  give  should  be  directed 
to  the  prei)aring  of  his  pupils  for  a  higher  position  than  that  of 
the  clerk  or  the  working  artisan. 

CJp  to  the  present  time,  the  subject  to  which  the  teacher  has 
resorted  for  the  purposes  of  general  education  has  been  principally 
the  study  of  the  ancient  languages  of  Greece  and  Rome.  Now, 
there  is  a  growing  disposition  to  have  lecoui'se  to  what  some  call 
"  modern"  subjects — i.e.,  the  study  of  modern  languages,  and  a  more 
extensive  study  of  mathematics  and  the  elements  of  natural  science. 
Among  educationists  the  comparative  merits  of  these  various  studies 
have  been  for  some  time  warmly  contested,  and  while  neither  the 
"ancients"  nor  the  "moderns"  can  be  said  to  have  been  routed, 
the  battle  has  apparently  inclined  to  the  "  modern  "  side,  though  it 
is  doubtful  whether  the  reason  of  that  advantage  does  not  lie  in 
the  circiunstances  of  the  times  rather  than  in  the  merits  of  their 
cause.  We  believe  that  the  substance  of  all  that  has  been  said  in 
favour  of  classical  studies  is  coirect,  for  tiie  experience  of  civilizeil 
mankind  for  many  generations  seems  to  allow  of  no  other  explana- 
tion ;  but,  on  the  other  hand,  we  must  demur  to  the  exchmve 
claim  that  is  sometimes  made  in  favour  of  these  studies — viz., 
that  they  develop  the  f  aculties  of  the  mind  better  than  any  other 
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studies  possibly  can.  We  are  disposed  to  think  that  the  subject- 
matter  is  not  the  principal  thing  in  education — that  is  to  say,  we 
believe  that  the  mental  discipline  which  a  boy  receives  from  the 
study  of  any  subject  does  not  depend  so  much  upon  the  nature  of 
the  subject  he  studies  as  upon  the  way  in  which  he  studies  it. 
However  well  suited  the  subject  may  be  for  developing  his  taste 
or  strengthening  his  reasoning  powers,  no  material  benefit  in  an 
educational  sense  can  result  if  he  use  it  merely  as  an  exercise  of 
memory,  and  do  not  give  to  it  the  full  play  of  his  mind.  .  It 
therefore  appears  to  us  that  the  classical  languages  are  excellent 
for  the  education  of  some  boys,  indeed  of  most  boys;  but  we 
believe  at  the  same  time  that  mathematics,  modem  languages, 
and  natural  science  are  all  capable,  if  properly  taught,  of  pro- 
ducing equally  satisfactory  educational  results.  In  expressing 
this  opinion  we  are  quite  aware  that  we  are  in  opposition  to  a  very 
large  and  a  veiy  powerful  body  of  educationists,  who,  it  must  be 
conceded,  have  had  good  opportunities  of  comparing  the  results  of 
training  by  means  of  the  ancient  languages,  and  by  means  of  what 
we  may  shortly  call  modern  subjects.  We  hold  that  the  teaching 
of  natural  science  in  particular  is,  so  far  as  schools  are  con- 
cerned, really  in  its  infancy,  and  that  the  accumulated  experience 
of  perhaps  several  generations  of  teachei-s  may  be  necessary  to 
bruig  out  fully  the  capabilities  of  natural  science  as  a  means  of 
general  education.  An  indispensable  condition,  however,  is  that 
such  teaching  be  given  by  properly  trained  teachers  provided  with 
the  nccessaiy  apparatus. 

From  these  remarks  it  may  be  inferred  that  we  favour  the  idea 
of  instituting  in  this  country  three  kinds  of  secondary  schools, 
similar  in  their  general  features  to  the  three  kinds  already 
existing  in  Germany.  In  one,  the  careful  study  of  the  classical 
languages  would  be  the  characteristic  feature;  in  another,  less 
attention  would  be  given  to  ancient  languages,  and  more  to 
modern  languages,  mathematics,  and  natural  science ;  and  in  the 
third,  the  study  of  the  ancient  languages  would  be  entii*ely 
dropped,  and  the  pupil's  attention  devoted  to  modem  subjects. 
These  three  kinds  of  secondary  schools  already  exist,  as  has 
been  said,  in  Germany,  and  are  there  known  by  the  names  of 
Gymnasium^  ReaUchuhy  and  Getverbesc/nde  respectively.  As  one 
might  anticipate,  the  Gymnmiumy  or  classical  school,  is  the  oldest 
of  the  three,  and  the  most  numerous ;  and  the  Geiverbeschule,  or 
non-classical  school,  is  of  very  recent  growth,  and  as  yet  the 
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least  numerous.  Still,  the  best  educational  opinion  in  Germany 
is,  we  believe,  in  favour  of  having  all  three,  in  order  to  meet  fully 
the  requirements  of  modern  society.  It  is  believed  that  all  of  them 
supply  in  i-eality  a  goo<l  general  eilucation,  but  that  each  is  better 
suited  than  the  others  for  pupils  who  an*,  to  follow  particular  pro- 
fessions. The  non-classical  type  of  secondary  school  is  evidently 
the  one  that  concerns  us  at  present,  for  it  has  been  specially  designed 
to  meet  the  requirements  of  pupils  who  are  intended  for  industrial 
purauits ;  and  as  we  have  now  sufficiently  indicated  the  general 
character  of  the  education  given  in  such  a  school,  we  will  now 
proceed  to  consider  how  a  pupil  should  pass  from  it  into  the 
workshop. 

We  believe  there  is  no  reason  why  a  pupil  of  such  a  secondary 
school  should  not  pass  to  the  learning  of  his  trade  with  a  consider- 
able amount  of  skill  in  pmctical  workmanship  acquired  during  the 
last  two  or  three  years  spent  in  the  school.  For  this  i^urpose  the 
school  should,  of  course,  be  provided  with  the  necessaiy  appliances — 
that  is  to  say,  with  a  school  workshop  and  a  chemical  laboratory. 

As  to  the  organizing  of  a  school  workshop  for  a  secondary 
school,  there  does  not  appear  to  us  to  be  so  much  difficulty  as 
there  is  in  connection  with  the  orgtvnizing  of  shops  for  elemen- 
tary schools.  The  more  mature  age,  and  the  greater  attainments 
of  the  pupils  in  theoretical  subjects,  give  much  greater  freedom  to 
the  organizer  of  shops  for  secondary  schools.  But,  as  one  of  us 
has  had  experience  of  the  actual  organizing  of  such  a  shop,  which 
may  claim  to  be  quite  successful,  and  which  is  now  sening  as  a 
model  to  the  managers  of  other  scliools  both  at  home  and  in  the 
colonies,  it  may  be  the  best  way  of  treating  of  school  workshops 
for  secondary  schools  to  leave  generalities  and  theoretical  specula- 
tions, and  simply  describe  the  development  of  the  siiiall  workshop 
at  present  in  operation  in  Glen^s  Institution  in  this  city. 

After  the  trustees  of  that  institution  had  decided  to  apply  the 
funds  at  their  disposal  for  the  promotion  of  secondary  education 
among  boys  intended  for  industrial  pursuits,  and  had  appointed 
one  of  us  to  organize  the  institution  on  these  lines,  it  was  agreed 
to  adopt  the  suggestion  made  by  the  head-master,  that  a  chemical 
laboratory  and  a  school  workshop  should,  amongst  other  new  build- 
ings, be  provided.  This  suggestion  was  based  upon  the  fact  that 
chemistry,  on  the  one  hand,  and  mechanics,  on  the  other,  form  the 
basis  of  all,  or  nearly  all  the  arts  and  manufactures.  It  was  also  con- 
sidered that  theoretical  instruction  in  these  subjects  is  insufficient 
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to  enable  a  lad  to  master  them,  but  that  he  requires,  in  addition, 
to  have  an  opportunity  of  working  upon  them  practically.  This 
practical  instruction  was  therefore  regarded  as  essential  to  giving 
the  pupils  thorough  command  of  what  they  learned  in  lectures  or 
from  books,  and,  so  far^  turning  them  out  with  a  certain  amount 
of  scientific  knowledge  that  was  real  to  them,  and  which  they  saw 
their  way,  to  a  certain  extent,  to  make  practical  use  of  in  the  arts. 
There  never  was,  nor  has  been,  the  least  idea  of  attempting  to 
tmch  the  pupils  a  trade.  The  whole  object  has  hitherto  been  to 
prepare  lads  to  learn,  very  efficiently,  trades  that  have  a  mechanical 
or  a  chemical  basis. 

Now,  besides  starting  with  a  clear  conception  of  what  was  to  be 
aimed  at  in  such  a  workshop,  it  was,  of  course,  necessary  to  find 
suitable  men  for  giving  the  instruction,  and  to  discover  ways  and 
means  of  allowing  as  many  as  a  hundred  boys  to  find  useful  em- 
ployment without  involving  more  than  a  moderate  outlay  of  money 
for  wood  and  other  materials.  The  first  difficulty  was  met  by  the 
appointment,  as  engineeiing  master,  of  a  gentleman  who  had  held, 
for  three  years,  one  of  Sir  Joseph  Whitworth^s  scholarships,  and 
who  necessarily  had  a  good  knowledge  of  engineering,  both  on  its 
theoretical  and  on  its  practical  side.  To  him  was  assigned,  under 
the  head-master,  the  duty  of  finding  suitable  employment  for  the' 
pupils  in  the  workshoji,  as  well  as  of  teaching  the  theoretical  parts 
of  his  subject.  Finally,  as  the  institution  grew,  it  was  found 
that  the  presence  of  a  good  practical  mechanic  in  the  shop,  during 
the  regular  school  houre  of  every  day,  was  necessary;  and,  a  little 
over  twelve  months  ago,  such  a  person  was  provided  by  the 
trustees.  This  mechanic  consults  with  the  engineering  master  as 
to  the  work  to  be  done  by  the  boys,  and,  besides  teacliing  the 
latter  the  best  way  of  using  their  tools,  and  generally  proceeding 
with  the  work  they  have  to  execute,  he  takes  charge  of  the  shop, 
in  the  way  of  seeing  that  discipline  is  maintained,  tools  put 
properly  into  the  boys'  tool-chests  after  their  work  is  over,  every 
boy's  work  kept  untouched  from  one  lesson  to  another,  and  so 
forth. 

As  regards  the  pupils,  it  may  be  said  that,  as  a  rule,  their  ages 
average  about  14  years  at  the  time  they  enter  the  workshop. 
Admission  to  the  shop,  however,  is  not  determined  by  age,  but  by 
their  pi'ogress  in  general  education.  To  state  the  fact  exactly,  it 
may  be  said  that  the  shop  is  fii*st  open  to  boys  when  they  enter 
the  third  highest  class  in  the  school — that  is  to  say,  the  time  that 
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a  pupil  who  passes  through  all  the  classes  of  the  school  has  in  th(> 
shop  is  three  years.  Only  a  comparatively  small  fraction  of  his 
time,  however,  is  given  during  these  years  to  the  shop.  In  the 
first  year  he  has  only  2^  hours  per  wei^k,  in  the  second  he  has  not 
more  than  3  hours,  and  in  the  third  year  only  5  houi*s  per  week. 
The  rest  of  his  time  is  taken  up  chiefly  with  the  study  of  such  subjects 
as  freehand  drawing,  practical  solid  geometry,  as  a  foundation 
for  technical  drawing  generally,  macliine  construction  or  building 
construction  and  drawing,  mathematics,  theoretical  and  applied 
me<^hanics,  physics,  chemistry,  both  theoretical  and  practical,  the 
steam-engine,  and  metallurgy.  It  is  also  to  be  noted  that,  in  the 
last  year,  the  pupils  concentrate  their  attention  either  on  engineer- 
ing or  on  chemical  studies,  but  that  in  the  preceding  yeai*s  they 
all  pass  through  the  same  course  of  study. 

Referring  specially  to  the  work  of  a  pupil  in  the  shop  during 
each  of  these  three  years,  it  may  be  said  that  in  the  first  year  he 
practices  the  use  of  carpenters*  and  turners'  tools  in  the  making  of 
simple  articles  that  he  takes  home,  upon  paying  for  the  wood 
employed  in  their  construction.  The  articles  made  are  of  a  very 
miscellaneous  description,  small  tool-chests,  writing  desks,  stools, 
simple  bookcases,  <S:c.,  being  among  the  most  common.  The  articles 
to  be  mafle  are  very  generally  selected  by  the  parents  of  the  boys,  but 
no  l^oy  is  allowed  to  enter  upon  the  making  of  any  article  till  he 
has  consulted  the  workshop  instructor,  who  decides  with  a  view  to 
the  suitability  of  the  article  for  the  boy's  stage  of  progress.  This 
arrangement  exists,  as  has  been  said,  for  the  first  year  that  a  boy 
spends  in  the  workshop.  We  have  now  to  see  how  he  spends  his 
second  and  his  third  year.  By  the  commencement  of  his  second 
year  he  has,  of  course,  acquired  some  manual  skill,  and  can  under- 
take higher  work.  As  to  the  exact  amount  of  the  skill  acquired,  it 
is  not  unlikely  that  many,  who  have  only  seen  the  work  turned 
out  by  ordinary  apprentices  at  the  end  of  their  first  year  of 
apprenticeship,  would  not  be  prepared  for  what  can  be  done  by  the 
systematic  instruction  of  boys  for  only  2  J  hours  per  week.  A  boy 
of  fair  talents  is,  as  a  rule,  found  at  the  commencement  of  his 
second  year  in  the  shop  to  be  quite  able  to  begin  with  the  construc- 
tion of  simple  mechanical  models  from  working  drawings ;  and  it 
may  therefore  be  said  shortly  that  a  pupil's  work  for  the  second 
and  third  years  consists  in  making  models  more  or  less  complex, 
according  to  his  ability,  from  scale  drawings.  We  submit  for 
inspection  specimens  of  the  work  done  by  boys  in  each  of  these  three 
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.  years,  and  we  believe  that  an  examination  of  these  specimens  will 
bear  out  our  assertion  that  the  work  done  by  a  boy  I'eceiving 
systematic  instruction  in  practical  workmanship  during  half  a  day 
in  the  week  is,  at  the  end  of  two  years,  not  behind  the  work  of  a 
boy  at  the  end  of  the  second  year  of  an  ordinary  apprenticeship  in 
which  he  gives  all  his  time  to  it.  If  we  are  correct  in  regard  to 
this  point,  it  is  unnecessary  for  us  to  point  out  the  great  waste  of 
valuable  time  that  is  going  on  in  the  engineering  and  other 
mechanical  trades.  If,  ttntli  regular  and  systematic  teaching,  all 
can  he  accomplislied,  for  the  first  two  yea/rs  at  leaM,  in  half  a  day 
per  week  that  now  occupies  tJie  whole  time  of  an  apprentice,  there  is 
a  very  serious  loss  of  valuable  time.  We  say  vahiable,  because  he 
is  of  an  age  that  enables  him  to  learn  very  easily  any  subject  that 
interests  him.  Would  not  the  saving  of  tliis  valuable  time  to 
apprentices  in  the  mechanical  arts,  and  their  consequent  higher 
education,  tell  in  a  few  years  upon  our  industries,  and  go  far  to 
enable  us  to  cope  with  the  best  educated  nations  of  the  continent 
upon  their  own  terms'? 

To  sum  up  our  views  with  regard  to  secondary  schools  and 
their  relation  to  the  workshop,  we  assert — 

1.  That  secondary  schools  are  the  chief  educational  want  of 

this  country  at  the  present  time. 

2.  That,  in  order  to  meet  the  wants  of  the  day,  there  should 

be  at  least  two  kinds  of  secondaiy  schools,  differing  from 
each  other  in  the  prominence  given  by  them  to  classical 
studies  on  the  one  hand,  or  to  "  modern  "  studies  on  the 
other. 

3.  That  a  secondary  school,  giving  pi'ominence  to  "  modem  " 

studies,  is  the  best  suited  for  the  education  of  boys  who 
are  intended  for  industrial  pursuits. 

4.  That  a  secondary  school,  preparing  boys  for  the  efficient 

learning  of  trades,  should  be  supplied,  with  all  the  ap- 
pliances requisite  for  teaching  such  scientific  subjects 
that  bear  upon  the  arts,  and  that  it  should  possess  a  well- 
equipped  laboratory,  and  a  school-workshop,  provided 
with  an  adequate  stock  of  lathes,  benches,  and  tools. 

5.  That  the  instituting  of  such  schools  would  greatly  econo- 

mise the  time  of  apprentices,  and  that  apprenticeships 
in  some  cases  might,  if  otherwise  desirable,  be  reduced 
to  three  years  instead  of  five. 
Vol.  XIV.— No.  1.  b 
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III. 

We  Lave  now,  in  the  last  place,  to  consider  briefly  a  class  of 
schools  that  are  really  what  we  have  been  ciiUing  school-work- 
shops, but  which  are  often  called  technical  schools.  Their  function 
is  to  teach,  not  principally  to  execute  work.  They  are  attended 
by  pupils  who  have  completed  their  school  education,  and  who 
seek  in  them  more  thorough  instruction  in  their  trade  than 
can  be  got  in  an  actual  workshop.  The  number  of  schools  of 
this  class  is  rapidly  increasing  in  all  countries,  and  it  seems 
hazardous  to  say  which  trades  cannot  be  well  taught  in  this  way. 
As  trades  differ  greatly  from  each  other  as  regards  the  facility 
with  which  something  like  a  complete  view  of  their  methods  and 
processes  can  be  brought  within  a  moderate  compass,  different 
methods  of  organizing  these  schools  will,  no  doubt,  be  found  to  be 
necessary.  The  central  fact  is  that  systematic  teachiiifj  is  wanted, 
and  that  young  men  who,  in  the  ordinary  course  of  things,  must 
rise  to  the  positions  of  managei*3  and  foremen,  now  demand  some- 
thing better  than  the  laissez-faire  system  of  learning  trades  that 
exists  in  actual  workshops.  When  this  demand  has  grown  to 
greater  dimensions,  and  has  invaded  the  trades  generally,  there  is 
no  doubt  that  the  most  suitable  way  of  organizing  a  school-work- 
shop in  connection  with  each  trade  that  requires  it  will  be 
found.  We  think  it  is  somewhat  premature  to  lay  down  one 
plan  of  organization  for  all  such  schools.  We  think,  besides,  that 
the  question  where  such  schools  are  to  be  held  is  a  mei-e  matter 
of  convenience.  If  it  were  found,  for  instance,  that  in  one  trade 
it  is  quite  possible  to  biing  within  the  compass  of  a  building  of 
moderate  size  an  adequate  supply  of  the  tools  and  machines  used 
in  that  trade,  the  question  as  to  whether  a  school  for  the  teaching 
of  it  should  be  held  within  the  gates  of  a  workshop  wherein  it  is 
practiced,  or  in  a  special  building,  and  not  in  connection  with  au 
actual  work  at  all,  is  one  to  be  decided  by  considerations  of 
convenience.  On  the  other  hand,  the  teaching  of  some  trades 
cannot,  perhaps,  be  done  justice  to  except  in  actual  works;  but 
the  arrangements  made  within  the  gates  of  such  works  for  the 
bondfide  teaching  of  the  trade  would  constitute,  quite  as  much  as 
in  the  former  case,  a  school-workshop  or  technical  school.  We 
think  that  such  mattei*s  belong  to  details,  and  do  not  affect 
the  essence  of  the  question,  which  is  simply  this,  Shall  we  have 
trades  taught  in  a  systematic  way,  or  shall  we  allow  them 
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to  be  learned  in  a  haphazard  maimer,  by  lads  who  are  left 
practically  to  do  pretty  much  as  they  like  or  can?  Schools  of 
the  kind  to  which  we  are  at  present  referring  have  been,  as  yet, 
instituted  in  this  country  only  in  connection  with  the  weaving  and 
the  dyeing  trades,  and  with  the  chemical  manufactures  (for  we 
include  in  the  class  of  school  that  we  are  at  present  con- 
sidering chemical  laboratories  devoted  to  the  teaching  of  applied 
chemistry) ;  but,  on  the  Continent,  especially  in  France,  schools  for 
the  teaching  of  other  trades  than  these  have  been  in  operation  for 
some  years.  In  Germany,  the  feeling  has  up  to  the  present  time 
been  rather  in  favour  of  instituting  schools  of  this  kind,  at  least 
for  the  mechanical-  trades,  in  actual  works ;  but  Germany  also 
contains  some  excellent  schools,  apart  from  wotks,  for  the  teaching 
of  everything  relating  to  the  textile  industries.  So  far  as  schools 
for  weaving,  dyeing,  and  the  chemical  industries  are  concerned, 
there  is  now  sufficient  experience  to  warrant  the  assertion  that 
they  can  be,  under  suitable  conditions,  perfectly  successful.  The 
fact  that  the  number  of  them  is  steadily  increasing  in  all  the 
leading  centres  of  the  textile  industry  in  this  country  is  a  good 
jjroof  of  their  usefulness.  At  the  present  moment  Belfast  and 
Leicester  are  both  providing  themselves  with  weaving  schools; 
and  they  have  been  in  successful  operation  for  several  years  in 
Bradford,  Leeds,  Huddersfield,  Glasgow,  <fec.  In  the  Yorkshire 
College  of  Science  in  Leeds  there  is  also  an  excellent  dyeing 
school,  which  is  ser\'ing  as  a  model  to  similar  schools  that  are 
arising  elsewhere.  As  to  the  Glasgow  school  for  weaving,  it 
may  be  pronounced  to  be  one  of  the  most  successful  schools  of  its 
class  in  the  country;  and  its  directors  are  now  considering  the 
means  whereby  they  may  add  to  iis  usefulness  by  the  erection  of 
a  dyeing  school. 

Before  terminating  our  discussion  of  schools  in  relation  to  the 
workshop,  a  word  should  be  said  regarding  evening  classes,  to 
which  peculiar  importance  is  attached  in  Great  Britain.  These 
classes  are  either  to  supply  young  people  who  have  left  school  very 
slenderly  educated,  even  in  elementary  subjects,  with  an  oppor- 
tunity of  repairing  their  deficiencies  in  these  respects,  or  with 
supplying  young  men  who  are  engaged  in  trades  with  information 
which  they  might  have  acquired  had  they  been  educated  in  a 
secondary  school  of  the  type  that  we  have  already  recommended 
for  those  who  aim  at  industrial  pursuits.  Evening  schools  cannot 
be  expected  to  supply  as  satisfactorily  as  day  schools  the  education 
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that  is  required  in  either  case,  if  we  consider  tho  fact  that  the  pupil 
has  to  give  the  most  of  his  strength  and  time  to  his  daily  employ- 
ment, and  that  he  consequently  has  but  a  comparatively  small 
modicum  of  either  to  devote  to  his  evening  studies ;  while,  on  the 
other  hand,  the  pupils  of  day  schools  have  their  studies  as  their 
work  and  can  therefore  give  to  them  all  their  strength  and  all 
their  time.  Still,  under  certain  educational  conditions,  evening 
schools  become  a  necessity ;  though  we  hold  that  the  conditions 
which  necessitate  them  should,  as  far  as  possible,  be  prevented. 
Just  because  the  work  of  education  can  be  carried  on  very  much 
better  in  day  than  in  evening  schools,  it  is  desirable  that  eveiy 
young  person  should  receive  his  education,  both  general  and  special, 
in  a  day  school.  But  there  is  no  prospect  at  present  that  the  lower 
strata  of  the  labouring  population  will  be  able  to  afford  the  price 
that  must  be  paid  for  this  advantage.  It  is  very  important^  how- 
ever, tliat  aU  wlio  can  afford  to  ediuiate  titeir  children  in  duy  schools 
should  do  so,  though  it  must  be  remembered  that  even  this  is  not 
to  be  expected  till  day  schools  exist  capable  of  supplying  freely  the 
education  that  an  industrial  community  requires. 

The  general  conclusions  to  which  this  paper  leads  may  be  now 
finally  summed  up  as  follows : — 

1.  Every  cliild  should  have,  as  liberally  as  the  circumstances 

of  his  parents  permit,  a  general  education,  calculated  to 
develop  and  strengthen  his  mental  powers  as  well  as  to 
store  his  mind  with  knowledge. 

2.  Since  the  circumstances  of  parents  differ,  gradation  of 

schools  is  necessary ;  and,  looking  specially  to  those  re- 
quired for  cliildren  who  are  intended  for  industrial  pur- 
suits, we  think  that  they  should  be  organized  with  a  view 
to  the  education  of  children  up  to  their  thirteenth  and 
their  sixteenth  year  ixjspectively,  the  former  class  being 
called  ELEMENTARY,  and  the  latter  class  secondary. 

3.  In  connection  witli  both  we  believe  that  school-workshops 

should  be  established. 

4.  If  schools  took  upon  themselves  the  training  of  their  pupils 

in  the  elementary  parts  of  workmanship,  apprenticeships 
might  be  reduced  as  to  duration,  the  reduction  being  at 
least  two  years  in  the  case  of  pupils  of  secondary  schools 
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5.  Trades  should  be  taught  systematically  for  some  time  to 
young  people  after  they  leave  school — the  place  in  which 
this  teaching  is  given  being  either  in  a  special  building 
detached  from  an  actual  workshop,  or  within  such  work- 
shop, according  as  experience  may  suggest. 

Referring  for  a  moment  to  the  labours  of  the  two  Royal  Com- 
missions at  present  engaged  with  educational  questions,  we  quite 
expect  that  very  valuable  light  will  be  thrown  upon  the  teaching 
of  trades  by  the  Commission  on  Technical  Education.  So  far  as  the 
steps  that  have  yet  been  taken  by  the  members  of  that  Commission 
are  known  to  us,  we  are  disposed  to  expect  from  them  a  very  careful 
and  extensive  collection  of  facts,  together  with  a  judicious  discussion 
of  the  lessons  that  are  to  be  di'awn  from  these  facts  for  the  guidance 
of  those  interested  in  the  education  of  the  industrial  population  of 
this  country.  As  to  the  laboui*s  of  the  Commissioners  on  Educa- 
tional Endowments,  it  is,  of  course,  premature  to  do  more  than 
state  our  general  desire  to  see  something  considerable  done  in 
the  way  of  secondary  education.  *  We  may  add  that  the  kind  of 
secondary  school  that  should  receive  most  attention  is,  in  our 
opinion,  the  one  we  have  advocated  for  the  education  of  boys 
intended  for  industrial  pursuits.  We  think  that  schools  which 
receive  pupils  for  the  learning  of  a  trade  are  also  suitable  objects 
for  the  consideration  of  the  Commissioners.  Finally,  we  think  it 
would  be  quite  in  the  lino  of  their  duties  to  make,  as  fai-  as  circum- 
stances will  permit,  provision  in  the  form  of  bursaries  tenable  at 
secondary  or  technical  schools  for  the  better  education  of  really 
clever  boys  belonging  to  the  working-classes. 
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III. — 0)1  the  Decay  of  Building  Stones.    By  William  Wallace, 
Ph.D.,  F.Il.S.R,  F.I.C,  F.C.S. 


[Head  before  the  Architectural  Section,  29th  January,  18^3.1 


The  comparative  durability  of  the  varieties  of  stone  suitable  for 
building  purposes  is  a  theme  of  great  interest  to  the  architect;  and 
this  must  plead  my  excuse,  as  a  chemist,  for  intruding  myself  upon 
the  members  of  a  Society  wholly  engaged  with  matters  connected 
with  architectui*e  and  building  construction.  The  most  casual 
observation  shows  the  most  striking  differences  in  the  rocks  which 
are  brought  to  view  by  the  operations  of  nature — some  remain- 
ing firm  and  hard  after  countless  ages  of  exposure  to  wind  and 
rain,  while  others,  imder  similar  influences,  have  crumbled  into 
dust  And  again,  an  examination  of  the  works  of  the  architects 
and  workmen  of  the  old  world  exhibit  differences  not  less  striking. 
Many  of  the  monuments  of  ancient  Egypt  and  Greece  show,  even 
now,  only  the  slightest  traces  of  decay ;  while  in  our  own  country 
most  of  our  cathedrals,  and  old  churches,  castles,  and  baronial 
halls  have  suffered  great  deterioration,  and  many  of  them  are  only 
saved  from  complete  destruction  by  a  careful  system  of  renovation. 
No  doubt  it  is  scarcely  fair  to  compare  the  durability  of  buildings 
in  countries  where  rain  seldom  falls  with  those  exi)osed  to  our  own 
h\unid  climate;  but  apart  from  this  we  have  instances  in  our 
immediate  neighbourhood  which  show  the  variations  in  regai-d  to 
durability  in  diflerent  building  materials  exposed  to  the  same 
climatic  influences.  While  the  old  ecclesiastic  buildings  and 
baronial  mansions,  only  a  few  centuries  old,  and  constructed  for 
the  most  part  of  red  sandstone,  are  mostly  in  niins,  with  the  stone 
ridged  and  furiwed,  and  the  mouldings  and  carving  all  but 
obliterated,  we  find  in  the  Roman  Wall,  sti-etching  from  the 
Forth  to  the  Clyde,  as  seen  near  Kirkintilloch,  blocks  of  whinstone 
from  the  neighbouring  quarry  of  Auchinsterry,  in  which  we  can 
almost  see  the  marks  of  the  worknion's  tools,  and  which  are  reall}', 
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so  far  as  we  can  see,  as  tit  for  use  now  as  the  stones  just  taken 
from  the  quarr}'.  Again,  in  some  old  feudal  castles,  built  partly 
of  mica  schist,  we  find  pieces  of  that  excellent,  but  most  intractable, 
building  material  with  angles  as  sharp  as  if  they  had  just  been 
removed  from  the  rock. 

The  principal  building  stones  employed  in  this  country  for  city 
architecture,  if  we  except  granite,  the  use  of  which  is  confined  to 
one  particular  town  and  district,  and  which  does  not  lend  itself 
kindly  to  the  artistic  aspirations  of  the  architect,  are— 1.  Sand- 
stone, or  as  it  is  generally  called  by  builders,  on  account  of  the 
ease  with  which  it  is  wrought,  freestone ;  2.  limestone  in  its  more 
compact  form ;  3.  oolitic  limestone ;  and  4.  magnesian  limestone 
or  dolomite.  In  the  present  short  paper  I  propose  to  deal  only 
with  the  first  of  these — sandstone — as  it  is  the  only  one  with 
which  we  are  locally  interested,  all  our  buildings  being  constructed 
of  that  material,  which  occurs  in  great  abundance  in  the  new  red 
sandstone,  the  carboniferous,  and  the  old  red  sandstone  strata.  It 
is  a  common  matter  of  observation  that,  apparently,  little  care  is 
taken  in  the  selection  of  the  stone,  even  in  cases  where  durability 
is  most  important ;  and  it  is  a  fair  inference  that  architects  really 
do  not  know  now  to  distinguish  a  stone  that  will  stand  well  from 
one  that  will  rapidly  decay.  Certain  quarries  acquire  a  reputation 
because  experience  has  shown  that  the  stone  taken  from  them  has 
stood  well;  but  the  architect  or  builder  who  selects  it,  cannot  tell 
in  what  respect  it  differs  from  another  stone  that  is  known  to  be 
bad.  It  is  in  the  hope  of  being  able  to  throw  a  little  light  on  the 
subject  that  I  jiave  ventured  to  introduce  it,  trusting  that  my 
remarks  will  lead  to  a  discussion  that  will  bring  out  many  ]x>int6 
of  interest. 

I  have  to  acknowledge  my  indebtedness  to  Messrs.  Watt 
Wilson,  Contractors,  for  kindly  supplying  me  with  twelve  specimens 
of  stone  from  well-known  quarriea  Of  these  I  have  made  careful 
chemical  analyses,  and  the  results  are  contained  in  the  table  I  have 
suspended  on  the  wall,  and  to  which  I  shall  frequently  have 
occasion  to  refer.  In. regard  to  one  of  them,  the  first  on  the  Ust, 
from  Kenmure,  Bishopbriggs,  Messrs.  Watt  <k  Wilson  say  in  their 
letter  accompanying  the  specimens — "  This  seems  to  be  a  picked 
bit:  it  is  well  known  that  there  is  not  much  good  weather  stone 
to  be  got  in  the  Bishopbriggs  quarries  now.''  In  a  letter  of  more 
recent  date,  in  answer  to  an  inquiry,  they  say  it  is  from  a  new 
quany,  and  that  the  quantity  obtainable  is  probably  not  large. 
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Let  lis  see,  in  the  tirat  place,  what  sandstone  is.  Its  chemical 
composition,  as  well  as  its  physical  character,  shows  it  to  consist 
essentially  of  particles  of  sand — in  other  words,  crystallized  or 
crystalline  silica — formed,  no  doubt,  by  the  disintegration  of  older 
rocks,  and  washed  by  the  action  of  water  into  beds,  sometimes  of 
great  thickness,  where,  by  the  infiltration  of  other  substances, 
such  as  lime  in  solution,  it  has  gi-adually  been  consolidated  until 
it  became  a  tirm  rock.  Among  the  mineral  substances  found  in 
sandstone,  in  addition  to  the  leading  ingredient,  silica — the  most 
important,  undoubtedly,  as  regards  the  formation  of  a  hard  and 
durable  rock — are  the  carbonates  of  lime  and  magnesia.  So  great 
is  the  eflfect  of  these  bodies  in  filling  up  the  intervening  spaces 
between  the  particles  of  sand  and  forming  a  firm  mass,  that  the 
durability  of  a  stone  may,  with  tolerable  accuracy,  be  deduced 
from  the  proportion  of  these  compounds  found  in  it.  In  the 
twelve  specimens  I  have  examined  in  connection  with  this  paper, 
the  amount  of  these  carbonates  varies  from  '57  to  12*58  per  cent. 
I  have  to  direct  your  attention,  however,  to  the  Craigleith  stone, 
which  is  well  known  to  be  one  of  the  most  durable  of  its  class,  but 
which  contains  the  smallest  quantity  of  carbonates — -57  per  cent. 
Now,  this  stone  is  one  of  the  heaviest  in  the  list,  and  it  is  the  least 
porous  of  all ;  whereas  in  the  others  the  weight  is  directly,  and 
the  porosity  iuvei'sely,  proportionate  to  the  quantity  of  the  car- 
bonates of  the  alkaline  earths.  The  fact  is  that  this  Craigleith 
stone  is  not  a  true  freestone  or  sandstone,  but  approaches  in  its 
nature  to  the  "kinglo"  of  mining  engineers — a  kind  of  quartz  rock, 
or  metamorphosed  sandstone  of  great  hardness.  How  it  is  formed 
is  probably  not  cei-tainly  known,  but  my  impression  is  that  it  has 
become  indurated  by  an  infiltration  of  silica  dissolved  in  water 
which  has  percolated  through  it.  I  understand  that  this  stone, 
which  is  very  hard,  is  chiefly  used  for  the  steps  and  landings  of 
stairs,  and  very  little,  if  at  all,  for  genei-al  building  purposes. 

The  alumina,  the  proportion  of  which  varies  from  '32  in  the 
yellow  Polmaise  stone  to  1-77  in  the  pink-coloured  Inverkip  stone, 
is  probably  due  to  the  undecomposed  minerals  associated  with  the 
sand,  and  is  not  likely  to  have  much  influence  on  the  strength  or 
durability  of  the  stone.  When,  however,  it  exists  in  the  form  of 
clay,  as  is  sometimes  the  case  (and  probably  clay  exists  to  a  small 
extent  in  all  sandstones),  it  is  adverse  to  the  durability  of  the 
stone. 

The  oxide  of  iron  is  interesting  as  forming  the  cohniring  mutter 
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of  the  red  varieties  of  sandstone  ;  but  it  exists  in  all  to  a  greater 
or  less  extent.  It  appears  somewhat  anomalous,  but  it  is  the 
fact,  that  some  of  the  whitest  specimens  contain  more  oxide  of 
iron  than  those  of  a  bright  red  colour.  Thus  the  Kenmure  and 
Overwood  stones  gave,  on  analysis,  respectively,  2.62  and  2.5  per 
cent  of  oxide  of  iron ;  while  the  Bothwell  Park  and  Wemyss  Bay 
samples  gave  only  '98  and  1-05  per  cent,  or  less  than  half  the 
quantity.  The  colour  of  a  stone,  therefore,  does  not  give  the 
slightest  clue  to  the  amount  of  oxide  of  iron  it  contains.  The 
smallest  proportion  in  any  of  the  specimens  is  in  the  Ravenscraig 
stone,  which  remains  perfectly  white  when  calcined,  while  all  the 
rest  become  more  or  less  coloured  when  ignited.  My  idea  is  that 
in  the  red  stones,  such  as  Ck>rsehill  and  Wemyss  Bay,  the  oxide  of 
iron  exists  in  the  free  or  unoombined  state — that  is,  mechanically 
mixed  with  the  other  constituents ;  while  in  the  white  varieties  it 
is  in  combination,  probably  as  a  silicate  of  the  protoxide.  In 
yellow  stone,  such  as  the  Polmaise,  it  probably  exists  in  the  free 
state,  but  in  a  hydrated  condition,  as  these  stones  become  bright 
red  when  subjected  to  a  strong  heat  It  is  well  known  to  builders 
that  some  kinds  of  sandstones  are  liable  to  become  disfigured  with 
blotches,  or  spots  of  oxide  of  iron.  This  arises  from  patches,  or 
nodules  of  pyrites,  in  the  stones,  which  are  readily  altered  by 
exposure  to  air  and  water,  forming  sulphate  of  iron,  which  gives 
yellow  hydrated  peroxide  on  coming  to  the  surface ;  the  sulphuric 
acid  being  taken  up,  wholly  or  in  part,  by  the  lime  and  magnesia 
present  in  the  stone. 

The  remaining  mineral  constituents  of  sandstones — phosphate 
and  sulphate  of  lime — exist  in  quantities  too  minute  to  exercise 
au  appreciable  influence  in  their  hardness,  strength,  or  durability. 
They  are  interesting  rather  from  a  scientific  than  a  practical  point 
of  view. 

The  quantity  of  water  retained  after  long  exposure  to  the  air  in 
a  moderately  dry  atmosphere  is  very  small,  and  varies  from  a  mere 
trace  up  to  about  2  per  cent  There  is  no  reason  to  doubt  that  it 
is  influenced  by  the  temperature  and  degree  of  humidity  of  the 
air. 

We  have  now  two  physical  properties  of  sandstones  to  consider; 
their  weight  or  specific  gravity,  and  their  porosity,  as  indicated 
by  the  quantity  of  water  they  absorb  when  immersed  in  that 
liquid. 

The  table  shows  the  8[>ecific  gi-avity,  and,  calculated  freiu  that, 
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the  weight  of  a  cubic  foot  in  i)ouiids,  and  the  number  of  cubit  feet 
in  a  ton.  In  all  cases  the  stone  was  air-dried.  The  Jighest  stones 
were  the  Eavenscraig,  Both  well  Park,  Corsehill,  and  Wemyss 
Bay,  and  the  heaviest  were  the  Kenmure,  Overwood,  Craigleith, 
and  Polmaise — the  heaviest  of  all  being  the  Kenmure,  with  its 
9  per  cent,  of  carbonates  of  lime  and  magnesia.  The  latter  weighs 
144  lbs.  per  cubic  foot,  while  the  Both  well  Park  weighs  only  127  J 
lbs.,  a  difference  which  is  very  striking. 

The  quantity  of  water  the  stones  are  capable  of  absorbing 
appears  to  be  closely  connected  with  the  specific  gravity.  The 
best  stone  in  this  respect  is  the  Craigleith,  which  takes  up  only 
3*4  per  cent. ;  the  Kenmure  comes  next,  with  3*9  \ier  cent.;  the 
Polmaise  faintly  pink  or  white  stone,  which  is  very  high  in  lime  and 
magnesian  carbonates,  is  nearly  as  good,  with  4*4  per  cent.  The 
Overwood  and  Dunmore  stones  take  5  and  5*1  i)er  cent,  and  the 
Giffnock  and  Eavenscraig  5*9  and  6*1  per  cent,  respectively.  The 
Polmaise  yellow  stone  takes  5,  and  the  Inverkip  slightly  pink  stone 
6*5  per  cent.  The  greatest  quantity  is  absorbed  by  the  red  stones, 
which  take  up  respectively  6*1,  6*4,  and  7*2  per  cent. — the  last 
proportion  being  that  taken  by  the  Wemyss  Bay  stone. 

I  am  not  inclined  to  dogmatize  in  the  matter  of  the  interpreta- 
tion of  these  results,  but  I  think  you  will  have  no  difficulty  in 
agreeing  with  me  that,  as  a  general  rule,  a  sandstone  is  the  better 
the  heavier  it  is,  the  less  water  it  absorbs,  and  the  more  its  pores 
are  filled  up  with  cementing  material,  such  as  the  carbonates  of 
lime  and  magnesia.  Taking  all  these  considerations  together,  I 
would  prefer  for  building  purposes,  of  the  twelve  stones  contained 
in  the  table,  the  Polmaise  light  coloured  stone  and  that  from 
Kenmure,  both  of  which  I  would  regard  as  of  first-class  quality. 
Again,  among  the  other  white  stones,  I  would  not  hesitate  to 
prefer  the  Overwood  and  Dumnore  stones  to  that  from  Ravens- 
craig.  The  three  dark  red  stones  I  would  consider  inferior  in 
quality  for  outside  work,  especially  in  the  atmosphere  of  a  city, 
which  is  something  distinctly  different  from  the  iiir  of  the  oi>en 
country. 

The  usual  form  of  decay  of  sandstones  is  simply  the  disintegra- 
tion of  the  surface,  the  binding  material  being  removed  by  climatic 
influences,  and  nothing  left  but  the  sand,  which  may  be  rubbed  off 
freely  with  the  hand.  There  is,  however,  another  form  of  dis- 
integration which  I  hfiid  a  few  years  ago  occasion  to  investigate — 
that  in  which  the  surface  comes  away  in  distinct  scales.  The 
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building  was  a  ducaJ  mansion  of  large  dimensions,  and  a  sandstone 
was  used  which  contained  an  unusually  large  proportion  of  alumina, 
with  a  very  fair  quantity  of  carbonate  of  lime.  After  a  year  or 
two  the  surface  began  to  scale  ofi^  particularly  at  angles,  curves,  and 
other  exposed  parts,  especially  close  to  the  ground ;  and  the  scales 
were  about  ^th  of  an  inch  thick  and  very  uniform.  I  found  that 
the  original  stone  contained  5*2  per  cent,  of  carbonate  of  lime, 
while  in  the  scales  it  was  reduced  to  2*04  per  cent.  I  had  no  doubt 
at  the  time,  nor  have  I  any  doubt  now,  that  the  reduction  of  this 
ingredient  was  closely  connected  with  the  disintegration,  if  not  its 
actual  cause. 

.  Sandstone  is  very  porous,  and  absorbs  water  with  avidity.  A 
moderate  shower  of  rain  falling  on  the  surface  of  a  building  con- 
structed of  freestone  is  entirely  absorbed,  at  least  at  first,  until  the 
surface  becomes  saturated  with  water.  The  carbonates  of  lime 
and  magnesia  are  only  very  slightly  soluble  in  pure  water,  but 
much  more  so  in  water  containing  carbonic  acid,  as  all  waters  do 
to  a  greater  or  less  extent,  although  the  proportion  in  rain  water  is 
very  small.  Every  shower  that  falls,  therefore,  removes  a  certain 
very  minute  quantity  of  these  binding  materials,  and  in  a  corres- 
pondingly minute  degree  weakens  the  stone.  But  this  same 
operation,  constantly  repeated  year  after  year,  begins  by-cmd-bye 
to  tell  upon  the  stability  of  the  surface,  and  particularly  if  the 
stone  have  only  a  minute  quantity  of  the  earthy  carbonates  to 
start  with.  In  towns  we  have  also  sulphuric  acid  in  the  air  in 
appreciable  quantity,  and  the  rain  that  falls  first  is  generally  acid 
to  litmus  paper.  This  is  derived  from  the  sulphur  in  coal  and 
from  various  manufacturing  operations;  and,  of  course,  is  more 
abundant  in  large  and  closely-built  towns  than  in  those  which  are 
small  and  widely  spread  out.  It  follows  that  a  stpne  which  stands 
well  enough  in  the  country,  or  in  a  small  town  or  village,  may  be 
very  unsuitable  for  a  large  city ;  and  the  same  thing  applies  to  roofing 
slates,  some  of  which  ai*e  much  more  affected  by  acids  than  others. 

If  the  walls  of  houses  were  entirely  vertical,  without  any  hori- 
zontal surface  to  catch  the  rain,  the  deterioration  of  stone  would 
go  on  with  extreme  tardiness ;  but,  as  a  matter  of  fact,  there  is  a 
great  deal  of  horizontal  work  about  our  houses  and  other  buildings, 
consisting  of  window  sills  and  lintels,  porches,  capitals,  string 
courses,  plinths,  and  so  on — all  these  forming  receptacles  for 
catching  the  rain,  a  large  proportion  of  which  percolates  through 
the  stone  and  appears  at  a  lower  level.    If  you  examine  a  few  of 
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the  more  recently  erected  buildings  in  Glasgow,  where  disiuteg- 
ration  of  the  stone  has  set  in,  you  will  find  that  the  process  always 
HhowM  itself  first  immediately  below  a  flat  projecting  surface ;  and 
frequently  there  is  no  apparent  injury  to  the  stone  elsewhere. 
Tint  i\ow  of  rain  water  over  the  surface  of  stone  injures  it  only 
very  slowly ;  the  greater  part  of  the  damage  is  done  by  water 
passing  through  the  stone,  entering  on  a  fiat,  or  nearly  fiat,  surface 
and  {lassing  out  at  a  lower  level.  In  this  way  the  stone  in  ordi- 
nary weather,  alternately  fair  and  rainy,  never  gets  time  to  dry, 
but  is  always  more  or  less  damp. 

The  form  of  architecture  adopted  by  the  Greeks,  and  which  in 
its  pure  or  modified  form  is  much  used  in  city  architecture,  is 
well  suited  for  a  dry  and  waim  climate,  but  much  less  so  for  a 
humid  condition  of  atmosphere,  such  as  that  which  obtains  in  this 
country.  The  Gothic  style  of  architecture,  whether  accidentally  or 
intentionally  I  cannot  say,  is  better  adapted  to  our  climate ;  since 
the  projecting  courses  of  masonry  are  for  the  most  part  in  the 
form  of  pointed  arches,  which  permit  the  water  to  run  rapidly  ofl^ 
Not  that  I  would  for  one  moment  suggest  that  we  should  discard 
the  Greek  and  Italian  styles  and  adopt  the  Gothic ;  but  I  think 
something  might  be  done  to  render  these  styles  compatible  with 
the  exigencies  of  our  over-humid  climate.  This  brings  me  to  what 
is,  perhaps,  the  most  important  part  of  my  communication — i.e., 
the  suggestion  of  means  by  which  the  decay  of  sandstone  may  be 
prevented  or  retarded. 

Of  course,  the  firet  consideration  is  to  select  for  a  building — and 
especially  if  it  bo  one  of  a  public  and  important  character — a  stone 
of  the  first  quality.  Next  in  order  of  importance  is  the  covering 
of  iUl  flat,  or  nearly  flat,  surfaces  with  something  that  will  prevent 
the  min  which  falls  from  passing  through  the  stone.  But  I  would 
advise  architects,  as  fai*  as  possible,  to  avoid  flat  surfaces,  and  to 
give  to  window  sills  and  all  projections  as  steep  a  slope  as  is  con- 
sistent with  the  character  of  the  building.  A  plan  which  I  have 
atlvooated,  and  which  is  pai'ticularly  adapted  to  projecting  work 
at  a  considerable  elevation,  is  to  fill  in  the  angle  with  Portland 
cement,  so  as  to  make  a  rather  steep  slope,  which  will  completely 
prevent  water  from  lodging  or  passuig  through  the  porous  stone. 
This  has  also  the  merit  of  securely  covering  the  joint  between  the 
prejecting  course  of  masonry  and  the  flat  stone  immediately  above 
it.  When  the  use  of  cement  is  objectionable,  tlie  slightly-sloped 
surtact"  should  Ik*  ooateil  twice  or  three  times  with  a  tolerably 
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strong  solution  of  water-glass  or  silicate  of  soda,  which  will  effec- 
tually fill  up  the  pores  and  prevent  water  from  passing  through 
the  stone.  White-lead  paint  mixed  with  boiled  oil  may  also  be  iLsed 
but  it  must  not  be  applied  to  the  stone  until  it  is  perfectly  dry, 
and  three  or  four  coats  are  required.  If  all  the  projecting  surfaces 
are  thoroughly  protected  in  any  of  these  ways,  the  covering  of  the 
perpendicular  surfaces  is  of  comparatively  little  consequence,  and 
will  not  be  required  unless  the  stone  is  of  very  bad  quality.  In 
extreme  cases  it  is  necessary  to  coat  the  whole  surface  with  oil 
paint  or  silicate  of  soda — both  of  which,  however,  are  inapplicable  to 
a  grand  public  building,  the  painting  of  which  would  be  justly  con- 
sidered as  an  act  of  Vandalism  as  great  as  the  plastering  up  of  the 
grand  old  Gothic  columns  in  some  of  the  English  cathedrals,  which 
was  practised  in  an  age  more  remarkable  for  sturdy  piety  than  for 
cultivated  taste  and  artistic  skill.  There  is  a  material,  however, 
which  I  may  mention  to  you,  which  gives  a  complete  and  imper- 
vious coating  to  polished  ashlar  without  materially  changing  its 
colour  or  general  appearance.  It  is  prepared  by  the  Broxburn 
Oil  Coy.,  and  is  called  "  Alexinoton,  or  damp  repeller."  I  am  not 
at  liberty  to  state  the  composition  of  the  liquid,  but  may  merely 
say  that  it  is  a  solution  of  a  solid  body  in  a  highly  volatile  liquid. 
When  applied  to  a  wall  the  volatile  solvent  speedily  evaporates, 
and  the  deposited  solid  completely  fills  up  the  pores  on  the  sui-face, 
and  renders  the  stone  impermeable  by  water.  This  liquid  may  be 
applied  not  only  to  flat,  or  nearly  flat,  surfaces,  but  to  an  entire 
building ;  and  I  consider  it  particularly^ valuable  for  coating  elabo- 
rate work,  such  as  the  capitals  of  pillars. 

Where  an  entire  building  is  coated  with  an  impervious  substance 
— which,  in  the  case  of  ashlar,  may  be  any  of  the  liquid  applications 
I  have  mentioned,  and  in  rubble  work  or  brick  may  be  Portland 
cement  or  mastic — it  is  of  the  utmost  importance  that  the  walls 
should  be  allowed  to  dry  firat.  A  two-foot  wall  will  take,  at  the 
very  least,  two  years  to  dry,  and  the  quantity  of  water  that  passes 
away  from  it  is  larger  than  might  be  supposed.  A  fair-sized 
country  villa,  say  50  feet  square  and  30  feet  high,  will  contain 
about  8,000  cubic  feet  of  solid  masonry,  weighing  about  500  tons, 
which  will  contain,  as  originally  built,  about  25  tons  of  water  or 
5,600  gallons — and  all  this  has  to  be  evaporated  before  the  house 
is  comfortable  or  safe  to  live  in.  Probably  it  makes  its  escape 
about  equally  from  the  outside  and  the  interior;  but,  at  all  events, 
the  process  is  a  slow  one,  and  in  the  case  of  buildings  not  protected 
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hy  a  damp  course  from  water  sucked  up  by  the  porous  stone  from 
the  foundations,  it  is  never  complete.  It  is,  therefoi*e,  unwise  to 
cent  the  waUs  of  a  house  with  an  impervious  coating  until  towards 
thfc  cUac  of  the  second  summer  after  the  completion  of  the  house. 
This  rule  does  not  apply,  however,  to  coating  the  flat  and  other 
f#rojecting  surfaces,  which  may  be  carried  out  at  any  time  during 
dry  wc'ather. 

I  now  hAve  the  subject  in  your  hands,  in  the  hoi)e  that  the 
diis^niAfiioii  will  be  more  important  than  the  paper  itself. 
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IV. — On  same  new  Infusoria.    By  William  Milne,  M.A.,  B.Sc. 


[Rea<l  to  the  Society,  3l8t  January,  1883.] 


Thf  following  four  organisms  were  got  in  gatherings  made  from 
a  large  ditch,  now  stagnant,  and  filling  up  with  moss  and  weeds. 
Hif.  ditch  is  near  the  sea  and  subject  to  the  spray  in  storms; 
the  wat^'r  is  thus  brackish,  giving  a  heavy  precipitate  wdth  silver 
nitrate*.  'Hie  first  three  organisms  appear  and  flourish  for  months 
in  small  bottles  among  the  decaying  organic  matter.  They  are 
found  in  company  with  Totramitus  de^cissus  and  Chilomonas 
Paramecium. 

Tetramitus  gyrans. — This  is  a  free  swimming  form.  The  body 
mjl^mtance  is  very  transparent,  soft,  but  not  changeable  in  shap^.  It 
pr^jvmts  three  different  views,  dorsal  and  ventral  the  same,  nearly 
circular;  lateral  views  the  same,  the  anterior  half  being  bulb- 
fihapeil,  slightly  compressed,  the  posterior  half  being  a  narrow 
HU:m,  The  apical  view  is  a  little  sigmoidal,  the  form  differing 
somewhat  as  it  is  more  or  less  canted  over.  The  anterior  half  of 
the  organism  is  thus  a  partly  flattened  bulb,  the  stem  of  which  is 
continued  to  the  posterior  end.  This  part  appears  denser,  con- 
taining numerous  foreign  particles,  and  cuts  off  two  lateral 
laminate  segments  in  the  after  half.  At  the  points  where  these 
laminate  portions  teiminate,  fully  half-way  forward,  are  inserted 
the  four  flagella,  two  on  each  side  equal,  about  twice  the  length 
of  the  body,  and  very  fine  and  flexible  throughout.  There  are 
two  contractile  vesicles  in  the  longitudinal  axis,  both  posteriorly 
situated.    Length,  j^^j^  inch  to  t^jJ^^  inch. 

This  form  differs  slightly  from  the  generic  description  of  Tetra- 
mitus as  regards  insertion  of  flagella.  There  is  the  possibility 
that  it  is  the  young  condition  of  Trepomonas  agilis,  which  has  four 
flagella  according  to  Stein.  It  is  here  considered  not  to  be  the 
same,  as  the  shapes  seem  to  be  quite  distinct,  but  as  this  view- 
might  bo  formed  owing  to  a  misinterpretation  of  Stein's  figures, 
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great  care  has  been  taken  in  searching  for  an  example  among 
T.  gyrans  with  two  flagella.  This  has  not  been  found  after  dozens 
of  trials  through  an  interval  of  more  than  a  month,  nor  has  a 
single  instance  of  the  adult  Trepomonas  agilis  been  seen  along  with 
T.  gyrans,  and  often  there  were  hundreds  of  the  latter  under  the 
cover  glass  at  one  time.  Also  specimens  of  T.  agilis  were  examined, 
but  none  were  seen  to  give  the  same  views  as  T.  gjrrans,  not  even 
an  example  with  four  flagella  which  was  about  to  divide. 

A  specimen  of  the  present  species  was  observed  with  what 
looked  like  a  long  bacterium  adhering  to  it,  or  fission  com- 
mencing; but  on  being  watched,  this  bacterium-like  extension 
lengthened,  and  by  it  the  animalcule  attached  itself  to  the  slide 
and  swung  round  in  circles.  Two  instances  only  of  this  attach- 
ment were  seen.  In  both  cases  the  extension  was  broken  off*  and 
left  behind.  It  is  exceedingly  active,  constantly  turning  on  its 
longitudinal  axis,  even  though  remaining  in  one  place  for  a  con- 
siderable time.  Its  forward  motion  in  a  straight  course  is  also  by 
this  turning  on  its  axis,  giving  a  regular  motion.  The  flagella 
are  lashed  out  in  the  most  graceful  curves,  and  the  spin  is  made 
from  the  broad  surface,  a  half  turn  at  a  time,  the  lateral  view 
just  seen  darker  in  the  passing.  The  two  transparent  membrane- 
like segments  in  this  way  look  with  low  powers,  as  if  they  were 
contracting  or  collapsing,  each  contraction  giving  a  forward 
impetus.  When  changing  its  direction  it  generally  drops  from 
the  horizontal  to  the  perpendicular,  showing  the  apical  view  (Fig.  3). 
This  continual  spinning  causes  an  inflow  of  food  particles,  some  of 
which  get  thrown  on  to  the  body. 

Hexamita  Kentii. — This  form  is  mostly  adherent,  but  also  free 
swimming.  It  is  very  irregular  but  persistent  in  shape.  The 
usual  dorsal  view  is  triangular,  the  two  lower  comers  as  if  they 
were  -ear-like  processes  moulded  on ;  the  lateral  view  is  oval  with 
one  of  the  processes  seen  (Fig.  5),  and  when  seen  from  either  end 
it  is  somewhat  like  a  cross  (Fig.  6).  To  the  two  processes  men- 
tioned above  are  fixed  the  six  fiagella — three  to  each.  There  are 
two  trailing  ones  from  three  to  three  and  a-half  times  the  length 
pf  the  body,  by  which  the  animalcule  moors  itself,  and  two  vibra- 
tile  ones  on  either  side  about  the  length  of  the  body.  The  body 
is  transparent,  and  is  seen  to  contain  several  food  particles,  which 
keep  up  an  irregular  circulation.  There  is  one  contractile  vesicle 
half-way  between  the  lower  comers.    Length  from  -j-^-^ji  inch  to 
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The  usual  condition  of  this  Hexamita  is  the  adherent,  and  where 
the  algae  and  moss  collect  on  the  slide  there  may  be  seen  at  the 
out  edges  several  examples  swinging  round  at  the  full  stretch  of 
their  long  flagella.  All  the  different  views  may  then  l>e  seen,  but 
generally  the  triangular  one.  This  again  is  the  view  if  the  hold 
gives  way  and  the  animalcule  dashes  off  at  no  great  rate,  till  the 
fiagella — which  are  kept  twisted  at  the  ends — catch  hold  of  some 
other  sul/stance  and  bring  it  up,  unless  tliey  have  caught  some 
minute  particle,  which  in  dragged  along  until  something  heavier  is 
held,  when  the  little  animal  resumes  its  fishing.  This  it  does  by 
means  of  its  vibratile  fiagella  lashing  about,  causing  currents  which 
bring  along  particles.  When  the  fiagella  feel  any  of  these,  they 
lash  round  in  the  direction  of  the  depression,  where  the  ear-like 
part  joins  the  lK>dy.  If  the  particle  has  been  successfully  thrown 
into  this  hollow,  it  quickly  penetrates  into  the  body  and  courses 
swiftly  round  by  the  apex  of  the  triangle.  Several  of  these  particles 
may  be  seen  in  the  body  at  one  time  circulating  irregularly.  This 
opening  looks  very  like  an  oral  aperture,  and  all  the  particles 
which  were  seen  to  be  incepted  were  taken  in  here — in  one 
instance,  two  in  less  than  five  minutes.  But,  of  course,  these 
instances  may  have  been  luckily  happened  on.  Of  the  four  short 
fiagella,  two,  one  on  either  side,  arc  leather  shorter  and  more 
vibratile  than  the  other  two.  IT.  Kentii  is  more  adherent  than 
H.  inflata,  and  when  free  is  not  so  quick  in  its  motions,  nor  has  it 
been  observed  to  take  creeping  protean  forms  like  the  latter.  I 
have  ventured  to  name  this  fiagellate  after  Mr.  Saville  Kent,  the 
distinguished  authority  on  this  subject. 

Longicilium  Jlexicuneiis. — This  is  a  free  swimming  cilio-fiagellate 
animalcule,  persistent  in  shape.  The  shape  is  that  of  a  strained 
wedge,  the  tranverse  section  being  triangular — the  triangles 
lessening  very  quickly  towards  the  two  ends.  There  is  a  slight 
ventral  groove,  and  through  this  the  oral  aperture  enters.  The 
aperture  also  extends  on  one  side  to  the  lower  lateral  edge.  It  is 
situated  a  short  distance  from  the  anterior  end,  the  groove  in  front 
forming  a  sort  of  leading  way  to  it.  Three-fourths  part  of  the  body 
from  the  anterior  end  is  covered  sparsely  with  long  vibratile  cilia. 
The  fiagellum  is  about  half  the  length  of  the  body  and  is  situated 
posteriorly.  There  are  longitudinal  striw  in  the  anterior  half,  and 
green  granular  particles  in  the  endoplasm.  The  contractile  vesicle 
is  conspicuous  about  one-third  forward.  Length,  inch  to 
inch. 
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The  shape  of  this  organism  is  peculiar.    Imagine  a  wedge-shaped 

piece  of  semiplastic  material  whose  length  along  the  hack  is  one- 
and-half  times  the  depth,  and  the  thickness  of  the  back  about  half 
the  depth.  The  two  triangular  ends  are  brought  to  minute  triangles 
by  slicing  along  the  sides,  but  to  no  great  distance  from  the  ends. 
If  the  ends  be  held,  and  a  twist  given  with  each  hand,  a  form 
would  be  got  something  like  that  of  this  cilio-flagellate. 

The  cilia  round  the  oral  aperture  and  forward  are  more  thickly 
planted,  and  work  more  vigorously  than  further  back.  All  the 
cilia  are  very  long  and  very  flexible,  working  after  the  manner  of 
a  short  cord  when  held  by  one  end,  and  moved  backwards  and 
forwards. 

Occasionally  there  may  be  seen  a  transparent  part  at  the  after 
end,  from  which  all  the  granular  matter  has  been  withdrawn.  In 
one  or  two  such  instances,  at  the  edge  of  the  transparency,  a 
round  part  filled  with  granules  whirling  about  among  each  other, 
was  seen,  which  soon  burst,  and  the  granules  spread  over  the 
transparent  section.  Fully  half  the  body  was  sometimes  seen 
to  be  honey-combed — the  granules  being  gathered  up  into  the 
boundaries. 

It  is  very  voracious,  crushing  in  amongst  and  browsing  on  the 
vegetable  debris.  At  these  times  the  flagellum  can  be  well  seen 
in  motion.  When  not  feeding  it  swims  very  fast,  turning  on  its 
axis,  and  tracing  a  winding  curve  round  its  course. 

This  form  is  put  forward  as  the  representative  of  a  new  genus, 
as  it  differs  from  the  generic  description  of  Trichonema,  in  shape, 
in  being  persistent  in  shape,  in  the  position  of  the  flagellum,  and 
the  length  of  cilia. 

It  also  differs  from  Mitophora  the  only  other  near  genus,  in 
shape,  in  not  having  a  fringe  only  of  cilia,  and  in  having  a  very 
distinct  oral  aperture. 

Tillina  barbata. — The  body  is  bean-shaped,  about  twice  as  long 
as  broad,  and  is  compressed  on  the  side  opposite  the  oral  aperture. 
The  oral  ajjerture  is  about  one-fourth  way  from  the  anterior  end, 
lateral,  and  forms  a  broad  cleft  well  into  the  body,  leading  into  a 
pharynx  which  is  slightly  curved  at  the  end,  and  ciliated  through- 
out. The  whole  body  is  covered  with  very  fine  cilia,  there  being 
also  a  beautiful  adoral  frill  of  longer  cilia.  The  cuticular  surface 
is  very  elastic,  and  regularly  striate  longitudinally.  The  con- 
tractile vesicle  is  posteriorly  situated,  and  the  nucleus,  which  is 
elongate,  is  well  forward.    Length  about  -ryy  inch. 
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T.  barbata  differs  from  T.  magna  in  having  no  lobate  prooens 
developed  on  it,  in  the  position  of  the  oral  aperture  and  the 
pharynx. 

The  individuals  of  this  species  were  not  very  numerous,  and 
disappeared  in  a  fortnight  after  the  first  one  was  noticed. 


EXPLANATION  OF  PLATE. 

Fig.  l^,—Tetramit}JLs  gyrans,  x  COO. 

L  Dorsal  view.    2.  Lateral  view.    3.  Apical  view. 

„    Ar—Q.'-Hexamita  Kentii,  x  600. 

L  Dorsal  view.    2.  Lateral  view.    3.  Apical  view. 

7—9. — LongiciUumJlezicun^uSt  x  500. 

L  Dorsal  view.    2.  Lateral  view.    3.  View  between  Lateral 
and  Dorsal. 


„    lO.—Tillina  barbata,  x  200. 
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V. — Note  on  a  Simple  Form  of  Lippmamn^a  Capillary  Electrometer 
useful  to  Physiologists.    By  John  G.  M'Kendrigk,  M.D. 


[Read  before  the  Society,  17th  January,  1883.] 


The  action  of  the  substances  set  free  on  the  electrodes  in  electro- 
lytic decomposition,  and  the  energy  shown  as  motion  in  these 
circumstances,  is  strikingly  manifested  by  the  behaviour  of  a  drop 
of  mercur}'  in  dilute  sulphuric  acid,  when  the  positive  pole  of  a 
batteiy  is  put  in  connection  with  the  mercury,  and  the  negative 
pole  dips  into  the  acid.  The  mercury  extends  towards  the  nega- 
tive electrode  during  the  passage  of  the  current,  becoming  covered 
with  a  film  of  sub-oxide,  which  dissolves  in  the  acid,  leaving  a 
bright  surface.  By  making  and  breaking  the  current  a  series  of 
oscillations  is  set  up.  Movements  in  the  mercurial  electrode  and 
adjacent  acid  have  been  observed  by  Henry,  Gerboin,  Erman,  J.  F. 
W.  Hei*schel,  Draper,  Paalzow,  Faraday,  and  Quincke,*  and  they 
received  various  explanations.  Ennan,t  in  1809,  was  the  fii'st  to 
observe  that  when  a  drop  of  mercury  was  placed  on  a  grooved 
surface  between  the  electrodes  it  moved  towards  the  negative 
pole ;  and  he  also  observed  that  "  a  drop  of  mercury  in  a  hori- 
zontal tube,  with  dilute  acid  on  both  sides,  moved  at  the  passage 
of  the  electric  current  through  the  tube  towards  the  negative 
electrode, 

This  latter  phenomenon  was  fully  investigated  by  Lippmann,§ 
and  led,  along  with  researches  by  Quincke,  not  only  to  a  theoretical 

*  For  an  historical  account  of  this  subject  see  Lippmann,  AnncUes  de 
Chimie  et  de  Physique,  1876,  p.  540.  Also  references  in  arts.  **  Capillary 
Action,"  by  Professor  Clerk  Maxwell,  Encyclop.  Britann,^  voL  v.,  p.  65; 
and  **  Electrolysis,'*  by  Mr.  W.  N.  Shaw,  vol.  viii.,  p.  108.  See  abo 
art.  *'  Electricity,"  Watts'  Dkt.  of  Clicm.,  third  suppl.,  vol.  viii.,  part  i., 
p.  714. 

t  Gilbert's  "  Annalen,"  t.  xxxii.,  p.  261,  1809. 
t  Art.  Electrolysis,  op,  cit, 

§  Lippmann,  Comptes  Bendus,  1873,  p.  1407 ;  Annates  de  Chimie  et  de 
Physique,  1875,  p.  494;  PoggendorflTs  Annalen,  cxlix.,  p.  547;  abo  trans* 
lated  in  Phil.  Mag.  [4],  xlvii.,  p.  281. 
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explanation  of  electro-capillary  action,  but  also  to  the  construc- 
tion of  tie  capillary  electrometer.  It  is  now  known  that  these 
phenomena,  both  as  seen  in  the  experiment  with  the  globule  of 
mercury  and  in  the  capillary  tube,  are  due  to  a  change  in  the 
surface  tension  produced  by  the  electrical  polarization  of  the 
surface  of  the  mercury. 

Lippmann's  form  of  the  electrometer  consists  of  a  tube  of  ordi- 
nary glass,  1  metre  long  and  7  millimetres  in  diameter,  open  at 
both  ends,  and  kept  in  the  vertical  position  by  a  stout  support. 
The  lower  end  is  drawn  into  a  capillary  point,  until  the  diameter 
of  the  capillary  is  -005  of  a  millimetre.  The  tube  is  filled  with 
mercury,  and  the  capillary  point  is  immersed  in  dilute  sulphuric 
acid  (1  to  6  of  water  in  volume),  and  in  the  bottom  of  the  vessel 
containing  the  acid  there  is  a  little  more  mercury.  A  platinum 
wire  is  put  into  connection  with  the  mercury  in  each  tube,  and, 
finally,  arrangements  are  made  by  which  the  capillary  point  can 
be  seen  with  a  microscope  magnifying  250  diameters.  Such  an 
instrument  is  very  sensitive;  and  Lippmann  states  that  it  is 
possible  to  determine  a  difference  of  potential  so  small  as  that  of 
the  xTT.xmr  *  Daniell.  It  is  thus  a  very  delicate  means  of  ob- 
serving and  (as  it  can  be  graduated  by  a  compensation-method)  of 
measuring  minute  electro-motive  forces. 

As  the  sensitiveness  of  the  instrument  depends  essentially  on 
the  smallness  of  the  capillary  tubes,  and  on  the  constant  electro- 
motive force  between  the  mercury  and  the  sulphuric  acid  (termed 
by  Lippmann  the  difference  electriqn^),  it  is  important  to  have  the 
tube  as  fine  as  possible,  and  also  to  prevent  variations  in  the 
strength  of  the  sulphuric  acid  by  evaporation.  These  considerations 
led  to  improvements  in  the  construction  of  the  instrument,  thus 
described  by  Burden  Sanderson;* — "Two  important  improvements 
have  been  recently  made  in  the  construction  of  this  instrument  by 
Professor  Lov^n,t  of  Stockholm.     The  first  of  these  consists  in 


*  Burdon  Sanderson  "  On  the  Electro-motive  Properties  of  the  Leaf  of 
Dionaea  in  the  Excited  and  Unexcited  States."— P/ti/.  Trans.,  part  i.,  1882. 
See  also  his  lecture  "  On  the  Excitabihty  of  Plants,"  at  the  Koyal  Institution 
of  Great  Britain,  9th  June,  1882.  In  stating  his  opinion  that  "it  is  much 
better  to  measure  the  electro-motive  value  of  each  excursion  with  the  aid  of 
the  compensator,  than  to  deduce  it,  as  has  been  done  by  Fleischl,  from 
the  'compensation  pressure,'"  Dr.  Burdon  Sanderson  refers  to  FleiBchl*8 
paper,  Archiv.f,  AnaL  v.  Physiol,  1879,  p.  269. 

+  Lov6n.    Nordiskt  Medic.  Arkiv.,  vol.  xi.,  No.  14. 
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constructing  the  tube  which  contains  tlie  dilute  sulphuric  acid  of 
extremely  thin  glass,  so  that  the  capillary  tube  which  is  in  contact 
with  its  internal  surface  can  be  observed  with  a  magnifying  power 
of  at  least  300  to  400  diameters  (No.  10  Hartnack).  The  other 
consists  in  cementing  the  sulphuric  acid  tube  to  the  mercury  tube, 
so  that  no  evaporation  takes  place.  By  the  first  the  instrument 
is  rendered  much  more  sensitive ;  by  the  second,  variations  in  the 
strength  of  the  sulphuric  acid  which  arise  from  evaporation  are 
avoided." 

The  instrument  thus  described  is  difficult  to  make,  and  requires 
delicate  handling.  Whilst  studying  the  subject,  and  endeavouring 
to  see  the  phasnomena  for  myself,  1  resorted  to  the  simple  expedient 
of  taking  a  bit  of  glass  tubing,  60  millimetres  in  length,  and  2*5 
millimetres  in  internal  diameter,  bending  one  end  at  a  right  angle, 
20  millimetres  from  the  end,  and  the  other  end  at  a  right  angle, 
6  millimetres  from  the  end,  and  then  drawing  out  the  tube  to  a 
capillary  in  the  blow-pipe  flame.  The  diameter  of  the  capillary 
tube  varies  from  -02  mm.  to  -001  mm.  I  then  slip  a  bit  of  thick- 
walled  india-rubber  tube  on  one  end  of  the  glass  tube,  and  exhaust 
the  other  end  of  the  india-rubber  tube  with  a  powerful  syringe. 
Having  some  clean  mercury  in  a  beaker  covered  with  a  deep  layer 
of  dilute  sulphuric  acid  (1  to  20  of  water  by  volume),  I  first 
immerse  the  end  of  the  glass  tube  into  the  mercury,  and  then 
exhaust  by  the  syringe.  When  mercuiy  appears  in  the  upper 
portion  of  the  tube,  I  raise  it  a  little  so  as  to  cause  it  to  dip  for  an 
instant  into  the  dilute  acid,  and  then  I  dip  into  the  mercury  a 
second  time  and  draw  a  little  more  of  it  into  the  tube.  Thus,  with 
a  little  practice,  I  succeeded  in  filling  tubes,  so  that  there  ia  a 
reservoir  of  mercury  at  each  end,  with  a  little  sulphuric  acid  in 
the  centre  of  the  capillary.  This  is  placed  on  a  suitable  platform 
on  the  stage  of  the  microscope,  and  a  thin  platinum  wire  is  dipped 
into  the  mercury  at  each  end. 

Such  an  instrument  is  very  sensitive,  showing  the  muscle- 
current,  the  negative  variation,  and  the  changes  in  potential  in  the 
injured  heart  of  the  frog  whilst  beating.  As  observed  by  Burdon 
Sanderson,  it  is  striking  to  notice  "that  the  movements  of  the 
mercurial  column  not  only  correspond  closely  in  time  to  the  actual 
changes  which  they  represent,  but  express  with  very  great  accuiiicy 
the  differences  of  potential  which  actually  exist  in  each  successive 
phase  of  a  variation." 

It  will  be  found  that,  in  the  instiniment  I  have  described,  the 
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column  of  mercury  will  not  always  return  to  zero  when  the  electro- 
motive force  pushing  it  in  one  direction  has  ceased  to  act.  When 
it  does  return,  the  return  is  due  to  the  pressui-e  of  the  column  of 
mercury  against  which  the  force  acted.  As  a  matter  of  faot,  the 
most  sensitive  instruments  are  those  which  do  not  return  to  zero, 
but  in  which  the  movement  of  the  mercurial  column  corresponds 
to  each  change  in  the  direction  of  the  electro-motive  force,  or  to 
any  increase  or  diminution  of  the  electro-motive  force  even  in  one 
direction.  Thus,  if  there  be  a  negative  oscillation,  it  will  be  at 
once  seen,  although  it  last  for  a  fraction  of  a  second.  Sometimes 
the  instrument  is  "  sluggbh  in  its  movements.  This  is  caused  by 
the  mercury,  or  the  acid,  or  the  tube  not  being  perfectly  clean. 

An  electrometer  such  as  this  can  have  its  deflections  photographed^ 
or  exhibited  on  a  screen,  whilst  its  simplicity  and  cheapness  makes 
it  possible  to  place  a  sensitive  instrument  in  the  hands  of  every 
student — or,  better  still,  a  student  may  make  it  for  himself,  t 


*  Marey  obtained  such  a  photograph  in  his  research  on  the  Electrical 
Discharge  of  the  Torpedo  {Physiologic  Exp^rimentale,  1877,  p.  33,  Fig.  19), 
and  Burdon  Sanderson  has  photographed  the  oscillations  caused  by  the 
changes  of  potential  in  Dionsea,  and  in  the  frog's  heart. — Koyal  Institution 
Lecture,  Fig.  10. 

t  Various  forms  of  the  instrument  were  shown,  and  the  oscillations  of  the 
mercury  were  projected  on  a  screen,  the  oscillations  being  magnified  300 
diameters.  There  is  nothing  novel  either  iu  the  theory  or  in  the  mechanism 
of  this  instrument,  as  it  in  no  way  difiers,  except  in  simplicity  of  construction, 
from  one  exhibited  at  the  meeting  of  the  British  Association  in  Glasgow  in 
1876,  by  Professor  Dewar  of  Cambridge,  but  I  have  shown  an  easy  and  con- 
venient mode  of  making  an  instrument  of  exquisite  delicacy  for  physiological 
purposes.  A  drawing  of  Prof.  Dewar's  form  of  the  instrument  is  shown  in 
Dr.  S.  P.  Thompson's  recent  work  on  Flectricity. 
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VI. — On  Milk  and  Milk  Pollution.    By  John  Dougall,  M.D. 


[Read  before  the  Society,  15th  November,  1882.] 


In  the  spidng  of  1873  I  read  a  paper*  before  the  Sanitary  Section 
of  this  Society,  "On  the  Dissemination  of  Zymotic  Diseases  by 
Milk."  At  that  period  strong  suspicion  was  culminating  in  fact, 
that  milk  was  a  vehicle  of  specific  infection,  either  by  its  having 
been  exposed  to  an  infected  atmosphere,  or  directly  impregnated 
with  impure  water,  or  otherwise,  so  that  persons  drinking  such 
milk  were  liable  to  be  poisoned  thereby.  Previous  to  that  time, 
Dr.  Taylor,  Penrith,  had  written  upon  disease  caused  by  ingesta ; 
Dr.  Ballard,  London,  had  reported  an  epidemic  of  typhoid  at 
Islington  produced  by  adding  impure  water  to  milk.  In  Leeds, 
two  similar  epidemics  and  one  of  scarlatina  were  reported  by  Dr. 
Robinson,  apparently  from  the  same  cause.  Professor  Bell,  of  St. 
Andrew's,  now  deceased,  published  an  account,  and  afterwards 
sent  me  additional  particulars  of  an  epidemic  of  scarlatina  from 
poisoned  milk.  My  friend.  Dr.  Grimshaw,  of  Dublin,  now  Registrar- 
General  for  Ireland,  favoured  me  with  a  narration  of  cases  of 
Asiatic  cholera  and  of  small-pox,  suspected  of  having  been  caused 
by  milk,  and,  just  at  that  time,  Dr.  Russell  had  submitted  to  the 
Police  Board  his  very  able  report  of  an  epidemic  of  typhoid  at 
Parkhead,  which,  I  think,  he  clearly  and  conclusively  traced  to- 
milk  contaminated  by  exposure  in  an  atmosphere  polluted  by 
typhoid  excretions. 

At  that  time  also,  as  was  to  be  expected,  a  considerable  number 
of  medical  men  were  sceptical  about  the  new  doctrine  of  milk- 
poisoning,  and  I  remember,  on  the  day  after  reading  my  paper,  of  a 
well-known  Glasgow  practitioner,  a  strict  Conservative  in  medicine, 
calling  upon  me,  in  a  state  of  incandescence,  about  "this  pre- 
posterous milk-poisoning  theory,"  as  he  termed  it,  and  seriously 
offering  to  prove  its  absurdity  by  swallowing  milk  to  which  a 
portion  of  typhoid  excreta  had  been  added  !  Of  course  for  many 
obvious  reasons  the  experiment  was  not  made. 


♦Vide  Olw.  Mdl.  Jour.,  May,  1873. 
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It  was  in  consequence  of  the  great  divergence  of  opinion  then  pre- 
vailing in  regard  to  milk-poisoning  that  I  set  about  collating  facts 
regarding  it,  and  of  examining  the  chemical  constitution  of  milk, 
with  special  reference  as  to  whether  it  was  a  favourable  nidus  for 
the  reception  and  dissemination  of  zymotic  poison.  The  facts  and 
considemtions  referred  to  were  embodied  in  my  paper,  and  clearly 
showed  that  sweet  milk  is  a  congenial  soil  for  the  preservation, 
and  probably  even  the  multiplication  of  specific  infections. 

It.  is  almost  superfluous  to  remark  that,  since  that  time  (nine 
years  ago),  the  views  then  enunciated  have  had  many  sad  witnesses 
to  their  truth  in  the  shai>e  of  a  very  considerable  number  of  exten- 
sive epidemics,  chiefly  of  typhoid,  throughout  Britain.  These, 
after  being  carefully  sifted  and  wiunowed  for  their  causes,  by 
men  eminently  qualified  for  the  work,  the  conclusions  arrived  at 
were,  as  the  means  taken  for  their  arrestment  proved,  that  their 
epidemic  form  was  due  to  the  distribution  and  swallowing  of 
poisoned  milk. 

The  serious  character  and  frequency  of  these  outbreaks  latterly 
impressed  Local  Authorities  with  the  necessity  of  legislating  for 
the  control  of  their  milk  supplies ;  hence  in  Glasgow — and,  if  I  am 
rightly  informed,  in  several  other  towns  in  Britain — the  retailers  of 
milk  ai-e  now  placed  under  certain  restrictions  in  order  to  prevent, 
as  far  as  possible,  contamination  of  milk  to  any  degree.  In  giving 
these  restrictions  legal  effect,  a  point  of  primary  importance  is  this, 
viz.  : — What  are  the  conditions  under  which  milk  may  become 
accidentally  polluted]  because  there  are  practically  no  reliable 
chemical  or  microscopical  tests  by  which  ordinary  accidental  im- 
purities can  be  detected  in  milk,  and  yet  it  may  not  only  be  simply 
impure,  but  fatally  poisonous.  It  was  to  determine  this  point 
with  si)ecial  reference  to  the  prosecution  of  an  alleged  defaulting 
milk  retailer,  that  I  made  certain  experiments  as  to  the  tendency 
of  milk  to  absorb  various  volatile  bodies,  which,  although  they 
might  not  in  ordinary  circumstances  render  it  poisonous,  would  at 
least  make  it  impure. 

Before  proceeding  to  detail  these  experiments,  however,  I  shall 
first  make  some  remarks  upon  the  composition  and  the  peculiar 
changes  to  which  milk  is  liable. 

Sweet  milk*  is  a  perfect  food,  inasmuch  as  it  contains  all  the 
alimentary  constituents  requisite  for  building  up  the  diverse  parts 


*  Sweet  milk  is  always  impUed  unless  otherwise  stated. 
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of  the  animal  body ;  its  different  ingredients  being  also  propor- 
tioned and  suited  to  the  requirements  of  the  various  tissues. 
This  is  clearly  obvious  and  well  exemplified  in  the  fact  that, 
although  a  child,  or  other  mammal,  receive  for  many  months  after 
birth  no  other  food  than  its  mother's  milk,  yet  from  this  milk 
it  forms  its  blood,  muscles,  nerves,  fat,  skin,  bones,  <ka,  &a 
Hence  it  is  manifest  that  milk  is  a  rich  organic  fluid — a  solution 
of  the  chemical  compounds  which  form  blood,  muscles,  nerves,  <&c., 
kc — in  ^t,  simply  a  solution  of  all  the  parts  of  the  animal  body. 

Milk,  also,  as  is  necessary  for  so  perfect  a  food,  contains  a  large 
quantity  of  water — usually  about  88  per  cent,  of  its  volume.  Its 
other  proximate  constituents  consist  of  casein — the  substance 
which  makes  milk  white,  and  which  is  capable  of  coagulation  or 
curdling  spontaneously,  and  by  artificial  means,  and  is  susceptible 
of  putrefaction;  also,  fat  or  cream,  milk-sugar,  or  lactose,  with 
various  inorganic  salts — as  phosphates  of  lime,  potash,  &c. 

New  human  and  cow's  milk  when  freshly  drawn  is  alkaline,  or 
neutral  in  reaction;  were  such  not  the  case — t.e.,  were  it  acid — it 
would  be  coagulated  in  the  gland  where  it  is  formed  from  the 
blood,  and  hence  could  not  possibly  flow  from  the  nipple  or  teat 
during  sucking,  or  the  process  of  milking. 

Milk,  after  exposure  to  the  air  for  a  i)eriod  varying  with  the 
temperature  and  purity  of  the  surrounding  medium,  becomes  more 
or  less  putrid,  acid,  and  curdled — and  hence,  to  a  certain  extent, 
deteriorated.  These  changes  are  accelerated  by  sultry  weather 
with  high  temperature;  but  they  are  primarily  caused  by  minute 
particles  or  shreds  of  decomposing  organic  matter,  the  presence  of 
which  may  be  quite  imperceptible  to  the  senses,  falling  on  the  milk 
from  the  air  which  surrounds  it. 

The  first  of  these  changes  which  milk  undergoes  is  putrefaction 
of  the  casein,  set  up  by  contact  with  the  minute  decomposing 
particles  referred  to.  The  putrid  casein  then  at  once  acts  on  the 
milk-sugar,  changing  it  into  lactic  acid ;  this  acid  then  reacts  on 
the  casein,  curdling  it,  and  imparting  to  the  milk  its  sour  taste. 
When  a  certain  quantity  of  lactic  acid  is  formed,  it  checks  the 
further  putrefaction  of  the  casein,  and  for  the  time  prevents  the 
conversion  of  any  remaining  milk-sugar  into  lactic  acid.  Soon, 
however,  the  casein,  being  in  excess  of  the  milk-sugar,  again 
putrefies  and  again  causes  any  remaining  milk-sugar  to  ferment; 
and  the  lactic  acid  again  formed,  again  checks  the  putrefaction  of 
the  casein  as  before.    Latterly,  all  the  milk-sugar  is  changed  into 
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lactic  acid,  but  the  putrefaction  of  the  casein,  held  in  abeyance  for 
a  time,  again  begins,  and,  finally,  the  milk  becomes  very  sour  and 
very  putrid,  and  may  now  also  contain  capriolic,  caprionic,  and 
butyric  acids. 

Pure,  new  milk,  then,  is  a  delicately  rich  organic  fluid  containing 
a  large  percentage  of  water,  and  very  prone  to  putrefy,  to  become 
acid,  and  to  coagulate.  That  these  deteriorating  changes  are 
caused  by  contact  with  atmospheric  particles  is  shown  by  passing 
milk  directly  from  the  cow's  udder,  without  exposure  to  the  air, 
into  a  perfectly  clean  glass  tube,  and  at  once  sealing  it  hermetically, 
when  the  milk  remains  unchanged  for  an  indefinite  time.  It  is 
also  obvious  that  it  is  to  prevent  these  changes  that  milk  is 
intended  by  Nature  to  pass  at  once  from  the  mamma,  or  milk- 
gland  of  the  mother,  into  the  stomach  of  her  young;  and  that 
they  are  hastened  by  the  milk  being  jumbled  about  on  carts  and 
railways,  and  exposed  to  the  air  by  remaining  on  sale,  and  fre- 
quently transferred  into  difierent  vessels. 

That  acid  milk  is  injurious,  at  least  to  infants,  is  well-known 
to  all  medical  men,  who  usually  cause  an  aqueous  solution  of  lime 
to  be  added  to  cow's  milk  to  destroy  any  acidity,  and  make  it 
either  neutral  or  alkaline,  as  it  is  when  newly  drawn.  Acidity  of 
milk  also  implies  putridity — and  both,  as  shown,  arise  from  im- 
purities in  the  milk. 

Milk  may  be  acid  and  putrid  to  a  degree  not  readily  detected 
by  taste  or  smell,  and  yet  be  capable  of  producing  severe  intestinal 
irritation  in  a  child. 

Colostrum,  or  the  first  few  gallons  of  milk  yielded  by  a  cow, 
and  probably  by  all  mammals,  after  parturition,  contains  a  variable 
quantity  of  albumen,  and  a  peculiar  purgative  principle.  This 
milk  should  not  be  sold  to  the  public,  as  it  has  a  greater  tendency 
to  putrefy,  from  its  strong  alkalinity  and  the  presence  of  albumen, 
than  ordinary  milk,  and  also  from  its  purgative  action.  It  also 
mostly  contains  epithelium,  casts  of  the  lacteal  tubes,  pus  cells,  and 
gi'anular  matter,  all  of  which  are  effete,  or  disease  products. 

The  large  percentage  of  water  in  milk  makes  it  a  most  favourable 
medium  for  the  putrefaction  of  the  casein.  This  is  shown  by  the 
fact  that  when  the  water  is  thoroughly  separated  from  the  casein 
by  expression,  the  casein,  now  in  the  form  of  cheese,  does  not 
putrefy. 

Again,  of  all  natural  bodies,  water  has  the  greatest  solvent 
power — in  other  words,  it  will  dissolve  or  absorb  more  substances 
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than  any  other  fluid.  Hence  it  follows  that  many  bodies,  whether 
as  particles  of  dust,  fluids,  gases,  or  otherwise,  coming  in  contact 
with  milk,  are  apt  to  be  dissolved  in  it,  and  render  it  impure. 

Moreover,  water  will  absorb  or  condense  more  gases  than  any 
other  fluid,  and  that  to  a  very  great  extent.  Especially  does  it 
largely  absorb  gases  and  vapours  of  an  offensive  nature.  Con- 
sequently such  coming  in  contact  with  milk,  will  be  dissolved  in 
it,  rendering  it  impure. 

The  offensive  and  unwholesome  emanations  from  animal  excre- 
tions— as  from  the  urine,  ffeces,  bowel  gases,  breath,  and  skin — are 
all  absorbed  by  water,  and  hence  by  milk.  Therefore  milk  kept 
in  any  apartment  where  a  person  sleeps  or  lives  will  quickly  become 
impregnated  with  such  emanations,  and  should  the  person  chance 
to  be  diseased,  the  milk  will  be  made  more  impure  to  a  correspond- 
ing degree.  The  following  experiments  were  made  to  ascertain 
whether  milk  would  absorb  the  emanations  of  the  undermentioned 
substances. 

A  portion  of  each  substance  was  enclosed  in  a  glass  jar  for  eight 
hours,  with  a  uniform  quantity  of  milk,  after  which  some  of  the 
milk  was  drawn  off  from  the  lower  stratum  with  a  pippette,  then 
placed  in  a  clean  vessel,  and  afterwards  tested  as  to  whether  it  had 
become  impregnated  with  any  of  the  substance.  With  the  excep- 
tion of  four  of  the  experiments,  the  tests  applied  were  smelling  and 
tasting.  In  the  four  instances  referred  to  chemical  reagents  were 
used : — 


Coal  gas, 
Paraffin  oil, 
Turpentine, 
Onions, 

Tobacco  smoke, 
Sulphuretted  hydrogen, 


Smell  in  milk  distinct. 
Do.  strong. 
Do.         very  strong. 
Do.  do. 
Do.  do. 
Do.  strong. 


The  Milk  gave  a  black  precipitate  with  sulphate  of  iron  and 
ammonia,  indicating  the  presence  of  sulphuretted  hydrogen. 

Ammonia,  Smell  in  milk  moderate. 

The  Milk  gave  a  black  precipitate  with  sulphate  of  iron  and  sul- 
phuretted hydrogen,  indicating  the  presence  of  ammonia. 

Sulphide  of  ammonium,     .       .    Smell  in  milk  very  strong. 
The  Milk  gave  a  black  precipitate  with  sulphate  of  iron,  indicating 
the  presence  of  sulphide  of  ammonium. 

Musk,  Smell  in  milk  faint. 

Assaffietida,        ....         Do.  distinct. 
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Stale  urine, 

Smell  in 

milk  faint. 

Do. 

strong. 

Cheese  (stale),  . 

Do. 

distinct. 

Chloroform, 

Do. 

moderate. 

Putrid  fish, 

Do. 

very  bad. 

Do. 

moderate. 

Decayed  cabbage, 

Do. 

distinct. 

Human  faecal  matter,  . 

Do. 

strong. 

Tlie  Milk  gave  a  black  precipitate  with  ammonia  and  sulphate  of 
iron,  indicating  tlie  presence  of  sulphuretted  hydrogen. 

All  the  specimens  of  milk  had  a  distinct  odour  of  the  substances 
to  which  they  had  been  exposed  1 4  howvs  after  removal  from  the 
glass  jar. 

The  fact  that  milk  absorbed  the  emanations  of  all  the  bodies 
enumerated  shows  how  liable  it  is  to  taint ;  and  although  it  may 
be  said  that  it  was,  in  many  cases,  not  thereby  rendered  unhealthy, 
still  it  was  undoubtedly  in  every  ease  made  impure. 

The  foregoing  remarks  may  also  be  considered  as  applicable  to 
cream,  perhaps,  as  much  as  to  milk;  because,  although  cream 
contains  less  water,  yet,  from  the  albuminous  nature  of  the 
envelopes  of  the  cream  corpuscles,  I  think  it  probably  as  susceptible 
of  putrefaction  as  casein.  I  do  not  refer  to  buttermilk,  as  it  is 
already  in  a  state  of  putrefactive  and  fermentivo  change  from 
impurities. 

From  the  results  of  these  experiments,  I  am  strongly  of  opinion 
that  sweet  milk  and  cream  aro  capable  of  imbibing  from  air  or 
water,  also  of  preserving,  and  i)erliaps  even  of  reproducing  the 
specific  poisons,  particularly  of  enteric  fever,  scarlet  fever,  and 
smallpox — and  very  probably,  also,  those  of  the  other  infectious 
diseases — and  of  comnmnicating  these  diseases  to  persons  suscep- 
tible of  them,  by  their  swallowing  milk  so  contaminated.  Hence 
there  seems  to  be  the  greatest  danger  of  milk  poisoning  from 
persons  with  infectious  disease  living  near  where  milk  is  kept. 

Many  adherents  of  the  vital  or  germ  theory  of  disease  assert 
that  the  germs  of  organisms  found  in  putrid  and  fermenting  fluids — 
and,  I  presume,  by  inference,  those  alleged  to  constitute  infection — 
are  capable  of  withstanding  a  temperature  considerably  beyond  that 
of  boiling  water;  yet  some  of  these  individuals  with  palpable 
inconsistency  recommend  that  milk  suspected  to  contain  a  specific 
organic  poison  should  be  boiled  in  order  to  destroy  the  gei-ms  of 
such  poison.    They  assei-t,  on  the  one  hand,  that  a  temperature  of 
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212*  Fahr.  will  not  destroy  the  germs,  and,  on  the  other,  recom- 
mend it  as  a  means  for  their  destruction.  Now,  unless  it  can  be 
shown  that  milk  iXrhen  boiling  exerts  some  sj^ecial  toxic  action  on 
alleged  infective  organisms  not  possessed  by  other  fluids  containing 
such  organisms,  one  is  forced  to  conclude  that  the  boiling  of 
infected  milk  does  not  destroy  its  alleged  poisonous  germs,  or  if  it 
do,  that  of  course  such  germs  do  not  withstand  a  temperature 
above  212^  Fahr. 

But  it  has  always  far  exceeded  the  utmost  boundary  of  my  con- 
ception to  fancy  that  the  germs  of  such  alleged  specific  organisms, 
which  are,  apparently,  as  minute  as  the  molecules  of  any  chemi- 
cal compound — for  they  have  never  been  seen  by  the  highest 
powers  of  the  microscope — can  withstand  a  temperature  that  would 
undoubtedly  utterly  destroy  every  form  of  tangible  ovum  and 
every  kind  of  visible  seed  known.  I  will  accept  this  statement 
when  I  am  shown  a  hen  hatching  a  chick  from  a  hard-boiled  egg, 
or  a  boiled  potato  sprouting. 

It  follows  as  a  corollary  to  this  belief  that  I  agree  with  the 
persons  referred  to,  that  the  boiling  of  milk  does  destroy  any 
organisms  in  it,  infective  or  non-infective ;  nay,  I  will  go  further 
by  saying,  that  I  believe  the  boiling  of  infected  milk  will  annul 
or  decomj)Ose  so  as  to  render  inert  its  infection — assuming  that  to 
be,  as  I  believe  it  is,  merely  putrid  organic  matter  in  a  peculiar 
state  of  chemical  synthesis. 
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VII. — On  StnUhers*  Process  for  Pulverising  Diamondi/erous  Ore. 
By  Wallace  Fairweather,  C.E.,  Fellow  of  the  Institute  of 
Patent  Agents. 

[Ucad  before  the  Society,  3l8t  January,  1883.] 


The  occurrence  of  diamonds  in  South  Africa  was  first  observed  in 
1867,  when  a  large  stone  was  found  on  a  Boer's  farm  in  Griqualand, 
West,  and  was  purchased  by  Sir  Philip  Wodehouse,  then  Governor 
of  the  Cape  Colony.  In  the  year  following,  Mr.  Gregory,  a  gentle- 
man well  acquainted  with  mining  operations,  was  sent  to  prospect 
the  Vaal  and  Orange  River  districts,  but  after  travei-sing  nearly  2,000 
miles  of  territory,  he  returned  to  report  not  only  that  diamonds 
did  not  exist  in  Griqualand,  but  that  the  nature  of  the  soil  was 
such  as  to  preclude  the  possibility  of  diamonds  occuri-ing  in  it. 

Nevertheless,  in  January,  1870,  exactly  thirteen  years  ago,  a 
prospecting  party  broke  ground  at  Hebron,  on  the  banks  of  the 
Vaal  river,  and  finding  diamonds  in  groat  numbers,  established 
there  what  was  known  as  the  "  River  diggings." 

The  diamonds  at  the  river  diggings  were  found  at  the  very 
surface,  and  were  easily  sei)arated  from  the  loose  soil  by  washing 
and  hand  sorting — a  plentiful  supply  of  water  from  the  river  being 
available. 

In  the  washing  process  th(»  large  stones  were  first  separated  by 
screening,  and  the  residue  washed  ^vith  water  in  cradles  to  float 
off*  the  clay  and  mud,  leaving  pebbles  and  smaller  stones  at  the 
bottom,  from  which  the  diamonds  were  picked  by  hand. 

Notwithstanding  the  great  facilities  for  carrying  on  these  opera- 
tions on  the  banks  of  the  Vaal,  the  river  diggings  were  ultimately 
abandoned  in  favour  of  the  higher  plateau  or  open  country  in  the 
neighbourhood  of  what  is  now  the  township  of  Kimberley,  where 
valuable  diamonds  were  obtained  in  the  red  surface  soil. 

The  method  at  first  adopted  in  treating  the  red  soil  for  obtaining 
diamonds  in  this  district,  where  water  was  not  then  obtainable, 
was  to  pass  the  earth  through  sieves  or  riddles.  The  smaller  dross 
was  rejected  as  valueless,  and  the  larger  stones  and  pebbles 
retained  and  spread  upon  tables  to  be  examined.    The  occurrence 
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of  a  valuable  diamond  was  not  so  common  as  to  relieve  the  work 
of  searching  from  tediousness,  and  when  diamonds  did  occur  among 
the  pebbles,  they  were  occasionally  missed.  Still  the  soil  was  so 
rich,  that,  it  is  said,  diamonds  have  been  found  in  the  plaster 
covering  the  Boers*  houses.  When  the  upper  soil  was,  to  some 
extent,  removed,  the  decomjwsed  rock  below  the  surface  came  to 
be  treated.  This  soft  rock  was  found  to  contain  diamonds  in 
greater  proportions,  but  the  mode  of  treatment  was  not  materially 
different.  The  bottom  of  the  beds  of  decomposed  or  softened  stone 
was  found  to  consist  of  hard  rock  of  bluish  colour.  When  this  blue 
rock  was  reached  it  was  generally  considered  time  to  abandon  the 
"claim."  Through  time  more  particular  attention  was  directed 
to  the  blue  rock,  and  as  ifc  was  found  to  be  extremely  rich  in 
diamonds,  it  came  to  be  worked  almost  exclusively,  quarrying  and 
mining  being  substituted  for  digging  operations. 

The  "blue  rock,"  or  matrix  of  the  diamond,  is  a  hard  bi^eccia  or 
conglomerate  of  limestone,  shale,  and  basalt,  intermixed  with  mica 
and  other  materials  in  smaller  proportions,  and  cemented  together 
by  a  calcareous  clay  or  marl.  This  i*ock  (of  which  I  can  only  show 
you  small  samples)  is  easily  recognised  by  its  greenish  blue  colour, 
and  the  diamonds,  when  they  occur,  are,  I  need  hardly  say,  no 
less  readily  recognisable. 

In  Griqualand  the  mines  in  which  the  blue  rock  occui^s  are  all 
contained  within  an  area  of  a  few  square  miles.  There  are  four 
mines — viz.,  Bultfontein,  Du  Beers,  Dutoitspan,  and  New  Rush  or 
Kimberley — each  resembling  a  small  but  deep  lake  entirely  separ- 
ated from  its  neighbours  by  what  is  known  as  the  "  Reef."  This 
reef,  which  forms  the  containing  walls  or  boundary  of  each  mine, 
is  composed  of  hard  basaltic  rock  and  shale.  It  contains  no  dia- 
monds, and  to  the  miners  it  is  only  a  source  of  great  trouble, 
danger,  and  expense.  In  the  Kimberley  mine  a  portion  of  it 
smoulders  continuously ;  and  it  is  with  difficulty  that  negroes  can 
be  got  to  assist  in  its  removal.  (The  burning  reef  is  represented 
in  one  of  the  photographs  of  the  Kimberley  mine  which  are  on  the 
wall.)  In  the  Orange  Free  State,  about  80  miles  farther  south, 
there  are  two  mines,  Koffyfontein  and  Jagersfontein,  which  appear 
to  be  in  nature  similar  to  those  in  Griqualand.  The  area  covered 
by  each  mine  is  very  limited — the  largest  being  about  30  acres, 
and  the  smallest  10  acres  in  extent.  Each  mine  is  divided  into  a 
large  number  of  "  claims  "  of  about  30  feet  square.  (The  division 
of  Kimberley  mine  into  claims  is  shown  in  the  diagi'ams.  The 
Vol.  XIW  n 
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square  trimmed  edge»  of  the  rock  in  some  of  tlie  photographs  also 
show  the  boundaries  of  "  claims."  ) 

The  blue  rock  is  obtained  from  the  mine  by  blasting  in  a  manner 
similar  to  that  adopted  in  our  quarries.  The  first  diflficulty  that 
presents  itself  in  dealing  with  the  blue  rock  when  blasted  or 
quarried,  is  its  removal  outside  the  mine,  which  is  in  many  places 
from  300  to  400  feet  deep.  A  right  of  way  from  claims  occupying 
a  central  position  in  the  mine  cannot  bo  had  across  adjoining 
claims,  unless  when  these  claims  are  held  by  the  same  com|)anies, 
and  ordinary  roadways,  which  serveil  the  purpose  while  the  mining 
went  on  near  the  surface,  are  no  longer  available.  The  system 
adopted,  therefore,  is  to  carry  the  rock  out  of  the  mine  by  a  series 
of  wire  tramways,  on  which  large  buckets  or  hutches  are  drawn 
by  means  of  winding  engines  to  the  surface,  where  they  are  tipped 
into  receiving-houses.  (The  wire  tramways  and  winding  gears 
are  shown  in  some  of  the  photographs  of  tlie  mine.) 

The  blue  rock,  when  outside  the  mine,  cannot  be  simply  screened 
and  examined  in  the  way  that  was  applied  to  the  treatment  of  the 
soft  and  loose  diamond-bearing  soil  above.  The  ore  has  now  to  be 
taken  away  in  hutches  or  wagons,  and  spread  out  on  the  ground 
or  "floors" — which  are  merely  extensive  enclosures  covering  several 
miles — and  there  it  is  exposed  to  the  action  of  the  atmosphere, 
to  alternations  of  heat  and  cold,  and  to  rain,  or  when  rain  is  scarce, 
to  tlie  watering-can.  The  ore  is  turned  over  at  intervals,  and  the 
large  pieces  of  rock  are  also  partially  broken  up  on  the  tioors  by 
the  use  of  the  pick  and  shovel. 

This  process — which  is  that  now  commonly  employed — con- 
tinues for  a  period  varying  from  two  to  nine  months,  according  to 
the  nature  of  the  ore  and  the  season  of  the  year.  "When  the  ore  is 
somewhat  softened,  or  is  reduced  to  a  friable  state,  it  is  ready  for 
the  next  stages  of  collecting,  breaking  up  by  hand,  screening,  and 
washing.  The  washing  process,  as  canied  on  at  the  mines,  differs 
to  some  extent  from  that  employed  at  the  old  river  diggings. 
Rocking  or  oscillating  cradles  and  large  rotary  washing-vessels 
are  employed,  and  are  actuated  by  hand  or  motive-power,  accord- 
ing to  the  magnitude  of  the  operations  carried  on. 

Instead  of  using  clear  water,  however,  the  broken  ore  is  washed 
with  a  thin  mud  consisting  of  clay  and  water.  The  object  of  using 
this  mixture  for  washing  pui-posesis  to  facilitate  the  deposition  of  the 
diamonds.  After  considerable  experience,  the  miners  have  found 
that,  while  the  grosser  impurities  and  light  shale  in  the  blue  ground 
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remain  long  suspended  in  tbismuddy  mixture,  the  diamonds  and  clean 
l>ebbles  rapidly  fall  to  the  bottom,  and  can  then  bo  readily  sepa- 
rated. The  deposition  of  the  diamonds  does  not  appear  to  be  due 
so  much  to  superior  specific  gravity  as  to  the  clean  surface  of  the 
stones  compared  with  that  of  the  shale  and  basalt  in  the  ore. 
The  washing  process  serves  the  purpose  of  separating  the  diamonds 
most  admirably ;  and  it  is  to  the  use  of  the  washing  machine  that 
has  been  ascribed  the  rapid  increase  in  the  production  of  diamonds, 
which  occurred  immediately  after  its  introduction  to  the  Cape 
diamond  fields  eight  or  nine  years  ago. 

There  can  be  little  doubt  but  that  the  introduction  of  suitable 
machinery  in  the  earlier  processes  of  treating  the  oi^e  may  be 
attended  with  equally  beneficial  results.  Such  at  least  was  the 
expectation  of  Mr.  Struthers  when  he  conceived  the  idea  of 
designing  a  machine  for  treating  and  pulverising  the  blue  rock 
directly  as  it  comes  from  the  mine,  and  his  expectations  have  been 
largely  realised. 

The  process  of  spreading  out,  exposing,  and  breaking  the  ore  on 
the  fiopi*s  is  not  only  a  most  tedious  and  laborious  one,  but  it  is 
attended  with  the  serious  disadvantage  that  the  matenul  is  sub- 
jected to  very  frequent  handling  during  a  prolonged  period,  and 
there  is  great  risk  of  valuable  diamonds  being  stolen.  From 
authentic  returns  funiished  to  the  mining  companies  it  has  been 
ascertained  that  nearly  one-half  of  the  diamonds  in  the  ore  are 
stolen  while  the  ore  is  exposed  on  the  floors.  One  of  the  main 
considerations,  therefore,  in  introducing  machinery  to  supei-sede  the 
old  process  is  to  get  rid  of  the  inducement  to  theft  which  is 
offered  by  prolonged  exposure  of  the  ore. 

Mr.  Struthers  is  not  the  only  practical  mining  engineer  who  has 
seen  the  advantage  of  substituting  machines  to  do  the  heavy  work 
which  is  at  present  performed  by  hand  labour.  Several  other 
machines,  such  as  pug  mills,  stamping  presses,  and  crushing 
machines,  have  been  tried,  but  they  have  not  been  successful. 
Their  failure  is,  I  think,  partly  owing  to  the  fact  that  an  action 
lamilar  to  that  of  the  weather  on  the  blue  rock  cannot  be  efiected 
by  machinery  pure  and  simple. 

A  process  of  treatment  as  nearly  as  possible  analogous  to  that  of 
prolonged  exposure  to  the  atmosphere  must  be  combined  with  the 
disintegrating  action  of  the  machinery  employed ;  and  it  is  by 
taking  this  into  account  that  Mr.  Struthers  has  succeeded  with  his 
machine. 
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All  essential  condition  of  any  process  of  ti-eating  diamondiferous 
ore  is,  that  the  hard  blue  rock  should  be  first  softened  to  a  con- 
siderable extent,  or  rendered  friable,  so  that,  whatever  may  be  the 
nature  of  the  subsequent  treatment  by  machineiy,  the  action  of 
the  machine  may  not  be  alike  on  both  the  ore  and  the  diamonds  it 
contains.  A  simple  crushing  or  breaking  of  the  blue  rock  in  its 
natural  state  has  to  be  avoided,  because  the  force  that  must  be 
employed  to  break  the  hard  rock  would  also  tend  to  split  the  dia- 
monds in  it.  But  if  a  preliminary  softening  of  the  rock  is  effected, 
the  machine  has  to  perform  a  separating  or  sifting  action  rather 
than  crushing  or  breaking.  It  may  also  be  observed  that  diamonds, 
though  extremely  hard,  are  very  brittle,  and  are  readily  split  up 
if  subjected  to  hard  blows ;  but,  on  the  other  hand,  while  they  are 
protected  by  a  covering  of  softened  rock,  they  avo  not  liable  to  be 
damaged  by  the  impact  of  even  hard  steel  beatei*s. 

As  a  preventative  against  theft — which  is  the  bugbear  of  the 
old  process — Mr.  Struthers'  machine  has  been  designed  to  perform 
both  the  softening  of  the  hard  blue  rock  and  the  pulverising  and 
sifting  out  or  separating  of  the  diamonds  from  the  earthy  matters, 
in  one  continuous  operation,  and  that  without  tlie  least  need  for 
handling  the  material  imder  treatment. 

The  first  part  of  the  new  process  is  to  subject  the  lumps  of  blue 
rock,  as  they  come  from  the  mine,  to  the  action  of  steam  or  hot 
water  within  a  close  vessel.  The  rock  being  calcareous,  it  has 
been  found  advantageous  in  some  cases  to  add  a  small  proportion 
of  acid  to  assist  in  reducing  the  ore  by  decomposing  the  carbonate 
of  lime  present  m  it.  The  use  of  acid,  however,  involves  the  em- 
ployment of  a  separate  vessel  to  avoid  corrosive  action  on  the 
machine.  In  practice,  therefore,  the  blue  rock  is  only  acted  on  by 
steam  and  the  hot  water  resulting  from  the  condensation  of  steam, 
which  softens  and  reduces  it  sufficiently  to  render  it  fit  for  the 
disintegrating  process  which  follows.  The  steam  has  an  effect  on 
the  ore  very  similar  to  that  of  prolonged  exposure  to  the  weather, 
and  it  has  the  decided  advantage  that  it  can  effect  in  a  few  minutes 
the  work  effected  by  several  months'  exposure  of  the  ore  on  the  floors. 

The  machine  designed  by  Mr.  Struthers  to  carry  out  his  pro- 
cess is  represented  in  longitudinal  section  in  the  drawing.  It 
consists  of  a  rectangular  steaming  tank  or  vessel.  A,  about  20 
feet  long,  mto  which  the  diamond  ore,  in  the  broken  lumps  in 
which  it  comes  from  the  mine,  is  fed  through  a  close-fitting 
hopper  at  one  end,  and  is  delivered  on  to  an  endless  travelling 
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band  of  lattice  boards,  B,  supported  on  rollers.  This  endless 
band  carries  the  ore  slowly  from  one  end  of  the  tank  to  the  other, 
and  during  its  passage  through  the  tank  the  ore  is  acted  on  by 
steam  entering  by  pipes  from  a  boiler,  or  by  the  exhaust  steam 
of  the  engine  which  drives  the  machine.  The  endless  band  then 
delivers  the  ore,  in  a  moist  and  softened  state,  to  a  beater  or  dis- 
integrator, 0,  revolving  rapidly  within  a  close  casing,  D.  The 
disintegrator  is  formed  of  iron  blades,  fitted  with  steel  face  plates, 
between  which  and  corresponding  steel  plates  fixed  in  the  casing 
the  pieces  of  ore  are  crushed  and  broken  up.  Sufficient  space  is, 
however,  left  between  the  beater  and  its  casing  for  the  largest 
size  of  diamonds  to  pass  fi-eely.  Through  the  disintegrator  the 
mass  of  broken  earthy  matter  is  delivered  to  the  buckets  of  a  chain 
elevator,  E,  by  which  it  is  raised  and  discharged  on  to  a  grating, 
F,  over  which  a  revolving  rake  or  forked  roller,  G,  is  fitted.  The 
softer  earthy  mass  is  presised  through  the  grating,  which  is  about 
1^  inches  wide,  to  let  the  largest  diamonds  pass,  and  any  very  large 
stones  or  pieces  of  the  ore  are  thrown  out  by  the  teeth  of  the 
revolving  rake,  and  pass  through  a  shoot,  H,  from  which  they  are 
removed  and  again  treated  in  the  machine.  The  main  portion  of 
the  material  passes  down  through  the  grating,  and  enters  between 
a  pair  of  large  crushing  rolls,  I,  I,  which  finally  pulverise  the 
earthy  mass  while  allowing  the  diamonds  to  pass  uninjured.  In 
order  to  provide  the  necessary  yielding  action  for  the  passage  of 
diamonds  of  large  size,  one  of  the  rolls  is  pressed  against  the  other 
by  strong  springs,  the  pressure  of  which  can  be  adjusted  to  suit  the 
nature  of  the  material  under  treatment.  The  rolls  are  also  covered 
with  vulcanised  rubber,  so  that  their  surfaces  may  yield  to 
local  pressure  of  the  diamonds  or  hard  pebbles  passing  through. 
The  rubber  is  protected  by  coils  of  wire  wound  round  the  rolls, 
or  by  articulated  metal  plates,  which  effectually  crush  the  softened 
blue  rock.  The  pulverised  mass  containing  the  diamonds  falls 
down  by  a  shoot,  J,  directly  into  the  washing  machine,  which  is  of 
the  ordinary  construction.  The  pulverising  machine  is  operated 
by  means  of  a  steam-engine,  of  16  horse-power,  placed  at  the 
side,  and  connected  by  gearing  to  the  shafts  of  the  revolving 
beater,  the  crushing  rolls,  and  the  various  other  moving  parts. 

By  the  use  of  this  machine  it  is  found  that  a  much  smaller 
quantity  of  water  is  required  for  washing  than  is  the  case  when 
the  ore  is  pulverised  by  the  old  process,  and  the  finely  gi-ound 
clay  in  the  earthy  mass,  when  water  is  added,  supplies,  to  a  large 
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extent,  the  thin  mud,  by  means  of  which  the  diamonds  are  sifted 
out  The  earthy  matter  being  well  ground  down,  a  larger  pro- 
portion of  it  can  be  riddled  or  screened,  if  need  be,  and  thrown 
away,  without  passing  it  into  the  washing  machine.  When  this 
is  to  be  done,  a  series  of  shaking  liddles  or  revolving  screens  are 
interposed  between  the  discharge  shoot  and  the  washing  machine. 

The  first  machine  of  the  kind  described  was  erected  at  Kim- 
berly  mine  by  the  patentee,  Mr.  A.  J.  Struthers,  nearly  a  year 
ago,  and  during  the  time  that  has  since  elapsed  it  has  been 
fully  tested.  The  experience  gained  by  the  use  of  the  machine 
shows  that,  while  the  earthy  matters  are  effectually  pulverised, 
the  diamonds  in  the  ore  are  not  in  any  way  damaged.  I  am 
assured  that  diamonds  have  been  repeatedly  put  through  the 
empty  machine  without  sustaining  injury.  The  most  satis- 
factory testimonial  in  its  favour,  however,  comes  from  the 
chairmen  and  managera  of  the  mining  companies  in  Griqualand, 
who  have  signified  their  approval  of  the  machine  and  of  the  new 
process  of  treatment  introduced  by  Mr.  Stinithers.  On  the  other 
hand,  the  tests  made  in  working  the  first  machine  have  also 
suggested  to  the  inventor  several  improvements  in  construction, 
which  are  being  adopted  in  making  machines  for  future  use. 
The  new  process  of  treatment  by  steam  leaves  nothing  to  be 
desired.  The  problem  of  treating  the  hard  blue  rock  by  means 
of  machinery  has  been  satisfactorily  solved,  and  it  is  only  neces- 
sary that  machines  of  this  kind  be  generally  introduced  to  enable 
the  output  of  the  diamond  fields  to  be  greatly  increased. 

The  capacity  of  the  first  machine  is  from  600  to  1,000  loads 
per  working  day,  and  three  men  only  are  required  to  attend  to  it. 
To  perform  the  same  amount  of  work  by  hand  labour,  and  by  the 
old  process  of  open-air  exposure,  the  services  of  a  much  largei' 
number  of  men  are  required. 

The  quantity  of  ore  treated  annually  in  the  South  African 
diamond  fields  may  be  i-oughly  stated  at  twenty  millions  of  tons. 
To  caiTy  on  the  work  of  treating  and  pulverising  all  this  ore, 
Mr.  Sti-uthers  estimates  that  one  hundred  machines  would  be 
required.  The  total  cost  of  these  machines,  delivered  on  the 
ground,  would  not  exceed  a  quarter  of  a  million  sterling. 

The  cost  of  treatment  of  the  ore  by  hand  labour  averages 
seven  or  eight  shillings  per  ton  in  the  Kimberley  mine,  where 
the  rock  dealt  with  is  very  hard.  Tn  Du  Beers  and  Dutoitspan 
the  cost  of  treating  the  ore  is  considerably  less,  but  its  value  is 
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not  nearly  equal  to  that  of  the  Kimberley  mine,  which  avei*age8 
from  jB2  to  £6  per  ton. 

By  the  use  of  Mr.  Struthere'  n)achine,  the  cost  of  treating  the 
Kimberley  ore  is  reduced  to  two  shillings  a  ton.  At  this  figure 
the  entire  production  of  the  mines  could  be  treated  at  an  annual 
outlay  of  £2,000,000,  while  the  expenditure  for  hand  labour  by 
the  old  process  of  treatment  is  at  least  double  that  sum.  The 
saving  to  the  miners  resulting  from  economy  of  treating  the  ore 
by  Mr.  Struthers'  process,  as  compared  with  hand  labour,  would 
be  equalled,  if  not  even  surpassed,  by  the  almost  entire  sup- 
pression of  diamond  stealing  which  the  adoption  of  the  new 
machines  would  bring  about.  .  By  doing  away  with  the  use  of 
the  floors,  opportunities  for  theft  would  not  occur,  and  illicit 
diamond  dealing,  which  is  at  present  extensively  earned  on  in 
South  Africa,  would  be  practically  abolished.  The  saving  from 
this  source  alone  is  estimated  at  nearly  £2,000,000  annually. 

Against  that  must  be  put  a  charge  for  royalty  on  the  pro- 
duction of  the  machines.  So  far,  the  rate  charged  on  this 
account  has  been  one  shilling  per  load,  which,  if  the  saving 
effected  be  taken  into  consideration,  is  very  moderate.  The 
machine  erected  by  Mr.  Struthers  at  Kimberley  is  earning  in 
royalty  about  £30  a  day,  or  nearly  £10,000  a  year.  A  corres- 
ponding profit  from  the  entire  number  of  machines  required  for 
treating  the  ore  of  the  mines  in  South  Africa  would  yield  nearly 
£1,000,000  annually,  which,  though  a  large  sum,  is  probably  not 
more  than  half  the  amount  at  present  divided  each  year  between 
the  diamond  thieves  and  illicit  dealei*s  who  buy  up  the  stolen 
diamonds 

In  giving  these  figures,  I  have  not  taken  into  account  the 
probable  extension  of  diamond  mining  in  South  Africa,  nor  have 
I  even  assumed  that  the  new  process  can  be  applied  in  the  mines 
of  India,  of  Brazil,  and  of  Australia.  There  is,  however,  no  good 
reason  that  I  know  of  why  the  ore  from  the  older  diamond  mines 
should  not  be  capable  of  treatment  with  equal  advantage  by  Mr. 
Stnithers'  process;  and  there  is  also  little  reason  to  believe  that 
the  South  African  blue  rock  is  confined  within  six  little  pipes 
or  lakes. 
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VIII. — Oil  the  use  of  Litrnics,  Methyl  OraiUj/e,  Phenacetolin,  and 
Phenolphthale'in  as  Indicator  ft.    By  Robert  T.  Thomson. 


[Road  before  the  Chemical  Section,  22ml  January,  1883.] 


TiiE  number  of  indicatoi*s  which  have  been  proposed  to  supersede 
litmus  is  now  very  great,  but  none,  as  far  as  I  am  aware,  have 
been  thoroughly  tested  as  regards  their  efficiency  in  presence  of  the 
impurities  which  constantly  occur  in  the  alkaline  hydmtes  and 
carbonates  of  commerce.  There  is  no  lack  of  information  to  be 
obtained  concerning  the  high  tinctorial  power  of  these  indicatoi's 
compared  with  that  of  litmus,  and  their  delicacy  when  employed  in 
the  determination  of  alkalis  in  solutions  of  the  pure  hydi'ates  and 
carbonates;  but  on  the  question  of  their  value  in  presence  of 
sulphites,  thiosulphates,  sulphides,  ])hosphatrs,  silicates,  aluminates, 
etc.,  little  or  no  attention  has  been  bestowed. 

In  tlie  following  paper  are  detailed  the  results  of  a  series  of 
experiments  I  carried  out  with  the  view  of  testing,  in  as  complete 
a  manner  as  possible,  the  merits  of  litmus,  methyl  orange,  phena- 
cetolin,  and  phcnolphthalein  as  indicatoi*8  in  the  estimation  of 
alkalis  and  ceHain  free  acids.  Instead  of  taking  these  indicatora 
in  succession,  and  recording  all  the  tests  made  with  them,  I  have 
considered  it  preferable  to  take  the  substances  which  were  tested 
by  the  standard  acid  or  alkali,  and  state  the  result  obtained  with 
each  indicator.  By  this  means  a  close  comparison  of  the  behaviour 
of  the  different  indicators  with  the  same  substance  will  be 
secured. 

The  tests  were  made  in  such  a  way  that  the  solution  employed 
would  measure  about  100  c.c.  when  the  end-reaction  was  observed. 
The  strengths  of  the  indicator  solutions  ('5  c.c.  of  which  was  used 
for  every  experiment)  were  so  arranged  that  equal  volumes  of  each 
gave,  as  nearly  as  could  be  judged  from  their  diflerent  tints,  the 
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same  intensity  of  colour  at  the  point  at  which  the  change  caused 
l)y  the  addition  of  excess  of  acid  or  alkali  was  just  complete. 

/. — Delicacy  of  the  indicators  in  absence  of  interfeHny  agents. 

This  was  tested  by  adding  the  '5  c.c.  of  the  indicator  solution  to 
100  c.c.  of  distilled  water,  and  finding  how  much  decinoimal  acid 
or  alkali  (1  c.c.  =  '0031  gram.  NajO  or  -004:  gram.  SO3)  was 
required  to  change  the  colour. 

Litmus, — This  indicator,  as  is  well  known,  is  naturally  blue,  and 
i*emains  so  in  presence  of  alkalis  and  alkaline  carbonates,  but 
changes  to  red  when  a  slight  excess  of  acid  is  added.  The  litmus 
solution  employed  contained  20  grams,  of  the  dry  extract  per  litre. 
Mali*  a  c.c.  of  this  was  mixed  with  100  c.c.  of  distilled  water,  and 
decinormal  sulphuric  acid  added  from  a  burette,  drop  by  drop,  till 
no  further  alteration  in  colour  was  observed.  To  accomplish  this 
•5  c.c.  of  the  acid  was  consumed.  This  is  equal  to  "05  c.c.  (about 
one  drop)  of  normal  acid,  which  is  the  strength  usually  employed 
in  alkalimetric  tests. 

Methyl  orange, — It  is  soluble  in  water  with  fonnation  of  an 
orange  yellow  liquid,  which  is  unchanged  in  colour  by  alkalis  or 
alkaline  carbonates  and  bicarbonates,  but  is  transformed  to  a  deep 
pink  by  a  mineral  acid.  The  solution  employed  contained  '15  gram, 
of  the  methyl  orange  per  litre,  and  '5  c.c.  of  decinormal  acid  was 
I'equired  to  effect  a  complete  change  in  the  coloui*,  when  tested  in 
exactly  the  same  way  as  the  litmus  solution.  It  is  thus  on  an 
equality  with  litmus  as  regards  delicacy  in  absence  of  all  salts. 

Plienacetolin, — This  substance  is  soluble  in  alcohol  with  fonnation 
of  a  dark  brown  liquid,  which  gives,  with  the  hydrates  of  potassium 
and  sodium,  even  in  presence  of  carbonate,  a  scarcely-perceptible 
yellow,  with  ammonia  and  the  normal  alkaline  carbonates  a  dark 
pink,  with  the  bicarbonates  a  much  more  intense  pink  than  with 
the  normal  carbonates,  and  with  minei*al  acids  a  golden  yellow 
colour.  The  solution  employed  contained  2  grams,  of  phenacetolin 
per  litre,  and  was  tested  by  decinormal  carbonate  of  sodium,  of 
which  '1  c.c.  was  required  to  produce  a  decided  change  from  a  faint 
brown  tinge  to  a  dark  pink. 

Phenolphtludein. — This  indicator  gives  rise  to  a  line  red  colour  in 
presence  of  alkaline  hydrates  and  carbonates,  but  with  bicarbonates 
(in  absence  of  normal  carbonates)  and  free  acids  no  colour  is 
produced.    Phenolphthalein  is  almost  insoluble  iu  water,  but  is 
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readily  soluble  in  50  per  cent,  alcohol.  The  solution  used  contained 
•50  gi'am.  per  litre,  and  was  of  a  pale  yellow  colour,  which  was 
probably  due  to  a  slight  impurity.  When  tested  under  the 
conditions  observed  in  the  case  of  the  other  indicators,  '1  ca  of 
decinormal  hydrate  of  sodium  caused  a  sudden  titmsformation,  the 
colourless  solution  becoming  red. 

In  the  following  Table  (I.)  will  be  found  a  summary  of  the  i^esults 
given  above. 

TABLE  1. 

Showing  the  delicacy  of  the  indicators  in  the  absence  of  interfering  agents. 

Amount  of  distilled  water  used  for  each  test,   100  c.c. 

Amount  of  indicator  solution  used  for  each  t«st,  0*5  c.c. 


Name  of  Indicator. 

Litmus, 
Methyl  orange, 
Fhenacetolin. 
Phenolpbthaleiu,  . 


Grams,  of  Solid  Matter  per     A  xnoiint  of  Decinormal  Acid  or  J 
litre  of  Indicator  Alkali  n  quired  to  change  I 

solution.  colour  of  Indicator. 


20  0 
•15 
2  0 


5  c.c.  H.SO^ 

1  Na.COs 
1   ..  NaHO 


//. — Application  of  the  indicators  to  the  determination  of  soda 
existing  as  hydrate  tmth  a  small  proportion  of  carbonate. 

The  solution  of  caustic  soda  employed  was  of  normal  strength, 
and  each  test  was  made  with  50  cc,  which  thus  contained  1-55 
gram,  of  available  soda.  The  soda  existing  as  carbonate  in  this 
quantity  was  024  gram,  and  was  estimated  by  precipitation  with 
chloride  of  barium. 

Litmus. — When  this  indicator  was  used  exactly  50  c.c.  of  normal 
sulphuric  acid  were  consumed.  The  solution  was,  of  course,  boiled 
thoroughly  after  each  addition  of  acid,  especially  when  near  the 
neutral  point,  and  only  a  single  drop  was  requii-ed  to  effect  the 
end-reaction. 

Methyl  orange. — The  great  advantage  claimed  for  methyl  orange 
over  litmus  is  that  with  the  foi-mer  no  boiling  is  requii*ed,  as 
carbonic  acid  has  no  effect  on  the  colour.  On  making  several 
detenninations  of  soda  with  this  indicator,   1  found  that  its 
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delicacy  was  by  some  means  considerably  impaired,  as  the  pale 
yellow  colour  became  just  perceptibly  tinged  with  pink  when 
49*95  c.c.  of  the  normal  acid  were  added.  The  change  in  colour 
was  very  decided  when  50,  but  was  not  fully  developed  till  50*15 
C.C.  were  consumed.  In  these  cases  *2  c.c.  of  the  acid  was  neces- 
sary to  bring  out  the  full  intensity  of  colour,  while  -05  c.a  pro- 
duced the  same  result  in  absence  of  interfering  agents.  It  would 
be  naturally  expected  that  if  half  the  quantity  of  methyl  orange 
were  used,  a  proportionately  more  delicate  end-reaction  would  be 
secured,  but  at  least  *15  cc.  of  the  normal  acid  was  required  to 
occasion  the  alteration  in  tint.  Again,  the  same  expectation 
might  reasonably  be  entertained  with  regard  to  varying  the  pro- 
portions of  soda,  but  I  found  that  when  '775  gram,  of  sodu  was 
tested  *15  cc,  while  with  3*1  grams,  of  soda,  *25  cc  of  the  test 
acid  was  indispensable  in  eflfecting  the  complete  transformation. 
It  is  evident  that  this  extension  of  the  end-reaction  over  from  '15 
to  *25  cc.  of  normal  acid  must  be  due,  either  to  the  liberated 
carbonic  acid,  or  to  the  salt  of  sodium  produced  by  the  action  of 
the  acid  on  the  hydrate  and  carbonate  of  sodium.  That  it  is 
solely  owing  to  the  latter  cause  I  shall  show  when  the  action  of 
the  neutral  sulphates,  chlorides,  and  nitrates  of  the  alkalis  is 
under  consideration.  On  looking  over  these  results  the  question 
arises.  At  what  point  is  the  estimation  of  alkali,  when  methyl 
orange  is  used  as  indicator,  to  be  reckoned  as  finished  1  The  point 
I  have  adopted  is  that  at  which  the  first  decided  change  in  colour 
is  apparent,  and  this  end-reaction  coincides  exactly  with  that  of 
litmus.  The  intensification  of  the  colour  by  the  further  addition 
of  acid  serves  as  a  confirmation  of  the  first  reading.  Greville 
Williams,  in  a  paper  which  appeared  in  the  Chemical  NewSy 
xxxix.,  98,  recommends  for  each  determination  the  use  of  from  •! 
to  '2  cc.  of  a  solution  containing  *!  gram,  of  methyl  orange  per 
litre.  The  larger  of  these  quantities  is  about  one-fourth  of  that 
which  I  have  employed,  and  when  excess  of  acid  is  added  gives  a 
very  faint  pink  colour,  which  is  sensibly  less  intense  in  presence  of 
much  sulphate  of  sodium.  It  is  obvious,  however,  that  the  amount 
of  the  indicator  solution  used  must  be  varied  according  to  the 
volume  and  colour  (if  any)  of  the  solution  in  which  the  alkali  is 
to  be  determined. 

PhenacetolirL — This  indicator  was  introduced  by  Degencr  for 
use  in  the  determination  of  the  i-espectivc  proportions  of  hydmte 
and  carbonate  of  sodium  in  the  same  solution,  and  was  tested  by 
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Prof.  Luiige,  whose  results  will  be  tbuiid  in  the  Jour.  Soc.  Ch^m. 
Industry^  i.,  55. 

To  determine  the  hydrate  o£  sodium  the  normal  acid  was  added 
till  the  scarcely  perceptible  yellow  colour  gave  place  to  a  rose-pink, 
which  remained  permanent  for  a  few  minutes  at  least.  Two  tests 
gave  respectively  49*1  and  49*2  c.c.  of  acid  consumed,  which  are 
equal  to  1*523  and  1*526  gram,  of  soda  existing  as  hydrate,  as 
against  1526  obtained  by  deducting  the  soda  existing  as  carbonate 
(which  was  determined  by  chloride  of  barium)  from  the  total  soda. 
It  must  be  carefully  borne  in  mind  that  the  rose  colour  should  be 
permanent,  for  it  may  be  developed  by  adding  a  drop  of  the  acid, 
even  when  there  is  still  a  little  hydi*ate  present,  and  then  fade 
slowly  away.  The  first  reading  can  be  confirmed  by  adding  a 
drop  or  two  more  acid,  which  should  render  the  colour  more 
intense. 

To  find  the  proportion  of  soda  existing  as  carbonate  the  addition 
of  acid  was  now  continued.  The  colour  at  first  was  intensified, 
then  became  mixed  with  yellow,  and  finally  all  the  pink  tinge  was 
eliminated,  and  a  golden  yellow  was  produced.  For  ea.ch  teat  50 
c.c.  of  the  normal  acid  were  consumed,  thus  giving  in  the  one  case 
•9  c.c.  for  the  soda  as  carbonate,  and  in  the  other  8  cc,  showing 
respectively  '027  and  -024  giam.  of  soda  existing  as  carbonate, 
as  against  '024  estimated  by  chloride  of  barium.  A  much  sharper 
end-reaction  is  obtained  by  boiling  oft'  the  carbonic  acid  after  each 
addition  of  acid  when  determining  the  poi-tion  of  soda  existing  as 
carbonate. 

Phenacetolin  is  not  adapted  to  the  estimation  of  small  quantities 
of  hydrate  in  presence  of  a  large  proportion  of  carbonate  of  sodium 
or  potassium,  as  is  evident  from  the  following  test.  To  a  solution 
containing  2*65  gram,  of  carbonate  of  sodium  and  04  gram,  of 
hydrate  of  sodium  in  100  cc,  phenacetolin  was  added,  but  even 
after  an  hour  had  elapsed  the  dark  pink  colour  did  not  disappear, 
as  it  should  do  if  the  process  were  of  any  value. 

PhenoljJt/ialem. — This  indicator,  which  seems  first  to  have  been 
employed  by  Luck  in  that  capacity,  can  also  be  used  for  the  deter- 
mination of  the  proportion  of  hydrate  and  carbonate  of  sodium  in 
the  same  sample.  The  method  of  procedure  is  to  add  the  normal 
acid  to  the  cold  alkaline  solution  till  the  red  colour  is  discharged, 
taking  care,  by  using  a  dilute  solution  and  keeping  the  point  of 
the  burette  in  the  liquid,  that  no  carbonic  acid  escapes.  The 
point  at  which  the  colour  is  dispelled  is  when  all  the  hydrate  is 
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neutralized,  and  the  carbonate  has  been  converted  into  bicarbonate 
accoi-ding  to  tlie  following  equation : — 

.2Nao003  +H«S04=2  NaHC03  +Na2S0,. 

By  this  means  the  whole  of  the  soda  existing  as  hydrate  and  half 
the  soda  as  carbonate  is  detei*mined.  The  number  of  c.c.  consumed 
is  now  noted,  and  the  estimation  continued,  boiling  thoroughly 
after  each  addition  of  acid  to  decompose  the  bicarbonate  of  sodium, 
and  thus  bring  back  the  red  colour.  It  is  preferable,  as  pointed 
out  by  Warder  in  his  paper  in  the  Chem.  News,  xliii.,  228,  to  add 
excess  of  normal  acid,  boil  off  the  carbonic  acid,  and  titrate  back 
with  normal  caustic  soda.  The  results  of  several  expeiiments  gave 
49*6  c.c.  of  normal  acid  consumed  for  the  hydrate  and  half  the 
carbonate  of  sodium,  and  50  c.c.  for  the  total  available  soda,  or,  in 
other  words,  '8  c.c.  for  the  carbonate  and  49*2  for  the  hydrate. 
These  results  agree  almost  exactly  with  those  obtained  by  the 
estimation  of  the  carbonate  of  sodium  by  barium  chloride,  and 
with  the  use  of  phenacetolin  as  indicator.  It  must  be  noted  that 
the  more  carbonate  of  sodium  there  is  present  the  less  delicate 
will  the  end-reaction  be,  as  the  red  colour  gradually  fades  away 
during  the  first  portion  of  the  titration.  It  is  also  e\'ident,  from 
the  nature  of  the  process,  that  this  method  is  quite  unreliable  for 
the  determination  of  a  small  quantity  of  hydrate  of  sodium  in 
presence  of  a  large  proportion  of  carbonate  of  sodium. 

TABLE  II. 

Showing  results  obtained  by  each  indicator  when  used  in  the  determination 
of  soda  in  caustic  soda  containing  a  little  carbonate  of  sodium. 

Soda,  existing  as  hydrate,  employed,      ...     r526  gram. 
Do.,      do,      carbonate,     do.,        ...       "024  ,, 
Total  soda  employed,    I^'mO  ,, 


#T  ji   *  I   Grams,  of  total     Grams,  of  Ka 3 O  as   Grams.of  Na^O  as 

Name  of  Indicator.       !     NaaO  found.         hydrate  found.       carbonate  found.  I 

i 

I 


Litmus,  .       .  .  1     1*55  1 '55 

Methyl  orange,  .  1*55  1  '55  |         ...  j 

Phenacetolin,.  .  155  155  1-523    1*526        027    -024  ^ 

Phenolphthalein,  .  !    1-55  155  '    1'526    1-526        '024    -024  I 
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III.  -  Estimation  of  availabU  potash  in  caustic  fyotash. 

It  is  quite  unnecessary  for  me  to  give  any  details  of  the  results 
of  the  experiments  made  under  this  head.  Litmus  ahd  methyl 
orange  can  be  used  for  the  determination  of  the  total  available 
potash,  and  phenacetolin  and  phenolphthalein  for  the  estimation 
of  the  respective  proportions  of  liydmte  and  carbonate  of  potassium, 
with  as  great  accuracy  as  in  the  case  of  the  caustic  soda. 

IV. — Estimation  of  ammonia  existing  as  hydrate. 

The  liquor  ammonia  used  for  the  following  tests  did  not  contain 
an  appreciable  quantity  of  carbonate,  and  was  free  from  other 
impurities.  It  was  diluted  with  an  indefinite  quantity  of  water, 
and  50  c.c.  of  the  dilute  sample  were  employed  for  each  determina- 
tion. This  quantity,  according  to  a  result  obtained  by  converting 
the  ammonia  into  chloride  of  ammonium  and  drying  at  100'  C, 
contained  '547  grams,  of  ammonia  (NH,). 

When  litmus,  methyl  orange,  or  phenacetolin  was  used,  exactly 
324  C.C.  of  normal  sulphuric  acid  were  consumed,  which  are  equal 
to  '550  gram,  of  ammonia.  The  end-reactions  in  each  case  were 
quite  as  delicate  as  with  caustic  soda.  As  phenacetolin  produces 
with  ammonia  the  dark  pink  colour  characteristic  of  its  reaction 
with  the  carbonates  of  sodium  and  potassium,  and  not  the  faint 
yellow  formed  with  the  hydrates  of  these  metals,  the  respective 
proportions  of  hydrate  and  carbonate  of  ammonium  cannot  be 
determined  by  titration  in  presence  of  this  indicator. 

In  the  two  determinations  made  with  phenophthalein  as  indicator 
31*5  c.c.  and  31  "4:  c.c.  of  the  normal  acid  were  consumed.  After 
25  c.c.  had  been  added  the  colour  began  to  fade  away  slowly,  and 
was  fully  discharged  at  the  point  mentioned.  These  results  show 
respectively  '535  and  -533  gram,  of  ammonia,  and  are  so  far  below 
the  truth  as  to  be  equal  to  about  3  per  cent,  of  the  whole  ammonia 
present.  It  is,  therefore,  perfectly  plain  that  phenolphthalein  is 
utterly  useless  for  indicating  the  end-reaction  in  the  estimation  of 
ammonia.  This  anomalous  behaviour  of  phenolphthalein  is  due 
to  the  action  of  the  salt  of  ammonium  which  is  formed,  and  which 
destroys  the  red  colour  produced  by  the  ammonia  when  the  pro- 
portion of  the  latter  becomes  small.  That  this  is  the  true  explanation 
will  be  shown  when  the  effect  of  the  neutral  salts  of  ammonium 
on  the  indicators  comes  to  be  examined. 
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TABLE  III. 
Determinatiou  of  ammonia  existing  hydrate. 
Ammonia  (NH3)  employed  for  each  test,      ...      -547  grams. 


Name  of  Indicator. 

C.C.  of  Normal  Acid  j 
consumed.  ' 

Grama,  of  NHs  | 

obtained. 

Litmus,. 

32-4 

•550 

Methyl  orange, 

32-4 

•560  1 

Phenacetolin, 

32-4 

•560  1 

Phenol phthale'in,  . 

31-5— 31-4 

•535— -533  ' 

Before  writing  the  above,  I  had  not  met  with  any  mention  of 
pbenolphthaJeln  as  an  indicator  for  the  estimation  of  ammonia, 
but,  quite  recently,  it  has  been  recommended  for  this  purpose  by 
Richter,  in  a  paper  on  a  "  New  volumetric  determination  of  potas- 
sium bichromate,  and  its  use  as  a  standard  for  caustic  alkalies 
(see  Chem.  NewSy  xlviL,  19).  The  process  he  has  devised  may  be 
thus  briefly  described.  To  the  caustic  soda,  potash,  or  ammonia 
solution,  which  has  been  previously  coloured  with  plenolphthalein, 
add  standard  dichromate  of  .potassium  till  the  reddish-yellow  colour 
produced  is  changed  to  a  full  yellow.  At  this  point  the  alkali  is 
neutralized,  a  monochromato  of  the  alkali  or  alkalies  is  formed, 
and  the  reddish  tinge  due  to  the  presence  of  the  phenolphthalein 
in  the  alkaline  solution  is  discharged  when  the  least  excess  of  acid 
chroroate  is  consumed.  The  quantities  advised  for  use  are  such 
that  the  solution  in  which  the  titration  has  been  accomplished 
should  measure  150  or  200  c.c,  and  contain  about  1  gram,  of 
the  monochromate  of  potassium.  A  solution  of  this  salt,  of  the 
strength  mentioned,  is  to  be  used  as  a  comparison  in  deciding  at 
what  point  the  end-reaction  occurs.  Following  these  instiiictions 
as  closely  as  possible,  I  prepared  a  decinormal  solution  of  potas- 
sium bichromate  (14*76  grams,  per  litre),  and,  also,  decinormal 
solutions  of  caustic  soda,  potash,  and  ammonia,  the  alkali  liquors 
being  tested  against  decinormal  sulphuric  acid.  50  c.c.  of  the 
soda  solution  were  transferred  to  a  beaker,  diluted  with  50  ac. 
of  water,  coloured  with  phenolphthalein,  and  the  decinormal 
bichromate  solution  added  from  a  burette.  The  fine  red  tint 
soon  changed  to  reddish-yellow,  which  lost  little  or  none  of  its 
intensity  till  it  nearly  reached  the  neutral  point   The  end-reaction 
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was  thus  easily  observed,  especially  when  compared  with  the 
solution  of  monochromate  of  potassium  of  nearly  the  same 
strength  as  that  operated  upon.  It  must  be  carefully  noted, 
however,  that  the  change  in  colour  is  not  instantaneous,  as  it 
is  by  titration  with  a  mineml  acid,  so  that  when  the  test  is 
nearly  finished,  a  minute  or  two  must  be  allowed  to  pass  after 
each  addition  before  coming  to  any  conclusion  as  to  whether  the 
end-reaction  has  taken  place.  Otherwise  a  high  result  will  be  the 
consequence.  The  results  of  two  tests  were,  that  50  and  50*1  c.c. 
of  the  decinormal  bichromate  were  consumed,  which  are  a.s  near 
the  truth  as  possible. 

With  regard  to  the  determination  of  the  potash,  it  is  sufficient 
to  mention  that  the  results  were  substantially  the  same  as  those 
obtained  with  soda. 

In  estimating  the  ammonia  in  50  c.c.  of  the  decinormal  solution 
of  ammonia,  the  addition  of  the  bichromate  produced  at  first 
the  reddish-yellow  colour,  which  slowly  disappeared  on  further 
addition,  and  gave  place  to  the  full  yellow  when  45*7  c.c.  had 
been  consumed  in  the  one  case,  and  46  c.c.  in  the  other.  This 
gives  a  result  so  much  below  the  truth,  as  to  be  equivalent  to  8 
per  cent,  of  the  whole  ammonia  present.  From  these  results  it 
is  quite  plain  that  Richter  has  not  tested  ammonia  specially  with 
phenolphthalein  as  indicator,  but  has  simply  assumed  that  it  would 
act  in  precisely  the  same  manner  as  potash  and  soda. 

TABLE  IV. 

Comparison  of  results  obtained  in  the  estimation  of  alkaUes  by  Richter's 
bichromate  and  the  ordinary  acid  methods,  phenolphthalein  being  the 
indicator. 

Amount  of  soda  used  for  each  test,    *1550  gram. 

Do.      potash  do.,    '2355  do. 

Do.      ammonia       do.,    -0850  do. 


Name  of  Alkali  ,  C.C.  of  ,^  K«  Crj  0,  Gram,  of  Alkali  c.C.  of  ^  acid  Gram. of  Alkali 
determined.       I  10   •     "    '      obtained.  10  obtained, 

consumed.  |  consumed. 


Soda  (Na,0),  . 

501 

•1553 

50-1 

•1553 

Do., 

50-0 

•1550 

501 

•1553 

Potash  (K,0),  . 

501 

•2359 

501 

•2359 

Do., 

50-2 

•2363 

50  0 

•2355 

Ammonia  (NHg), 

46  0 

•0782 

47  1 

•0800 

Do., 

45-7 

•0777 

4G-9 

•0797 
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V.  — Determination  of  alkalies  existing  as  carhonaie  and  bicarbonate. 

It  is  not  worth  while  going  fully  into  the  results  of  the  tests 
made  on  this  part  of  the  subject.  As  almost  all  the  noteworthy 
points  have  been  already  mentioned,  I  will  just  note  a  few  necessary 
precautions.  As  is  well  known,  litmus  can  be  used  in  the  direct 
estimation  of  soda  and  potash  existing  as  carbonate  or  bicarbonate 
by  an  acid,  but  can  only  be  applied  to  the  determination  of 
ammonia  in  that  form  when  excess  of  acid  is  added,  the  solution 
boiled  to  expel  carbonic  acid,  and  titrated  back  with  an  alkali 
The  same  remarks  apply  to  phenacetolin. 

Methyl  orange  can  be  employed  equally  well  in  the  estimation 
of  alkali  in  any  of  the  alkaline  carbonates,  but  special  mention 
may  be  made  of  its  application  to  the  determination  of  ammonia  in 
the  commercial  carbonate.  This  substance  is  a  compound  of 
bicarbonate  and  carbonate  of  ammonium,  and  when  dissolved  in 
water  the  latter  of  these  salts  takes  up  the  elements  of  water  and 
produces  normal  carbonate  of  ammoniimi.  The  sample  tested  did 
not  contain  any  impurities  except  water,  and  2*5  grams,  converted 
into  chloride  and  dried  at  100**  C.  showed  725  gi-am.  of  ammonia, 
while  two  experiments  made  with  2*5  grams.,  which  consumed  43*1 
and  43*05  c.c.  of  normal  sulphuric  acid,  gave  respectively  '732  and 
•731  gram,  of  ammonia. 

Plienolphthalein,  as  stated  before,  cannot  be  used  for  the  esti- 
mation of  ammonia,  and  in  the  determination  of  soda  and  potash 
existing  as  carbonate  or  bicarbonate  (the  latter  giving  no  colour 
with  this  indicator  till  decomposed  by  boiling),  a  somewhat  tedious 
boiling  is  required  unless  excess  of  acid  be  added,  the  solution  boiled 
and  titrated  back  with  caustic  soda. 

VI,  — Behaviour  of  the  indicators  with  the  stdpliates,  nitrates^  and 

chlorides  of  tJie  alkalies. 

Having  considered  the  use  of  the  indicators  for  the  estimation 
of  the  alkalies  when  pure  compounds  ai'e  operated  upon,  we  now 
come  to  the  behaviour  of  the  indicators  with  the  common  impurities 
present  in  commercial  samples.  This  section,  however,  is  chiefly 
concerned  with  the  action  (if  any)  of  the  neutral  salts  produced 
during  titration.  Litmus  and  phenacetolin  are  quite  as  delicate 
in  presence  of  quantities  of  the  sulphates,  nitrates,  and  chlorides 
Vol.  XIV.  e 
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of  sodium,  potassium,  and  ammonium  equivalent  to  1*55  gram,  of 
Boda  (Na^jO)  per  100  c.c.  When  these  amounts  of  these  salts  were 
tested  with  the  volume  of  methyl  orange  solution  used  in  the  fore- 
going experiments,  it  was  found,  as  has  been  already  stated,  that 
about  '2  CO.  of  normal  acid  was  requiml  to  bring  out  the  full  pink 
colour  as  against  '05  c.c.  when  distilled  water  only  was  employed, 
although  a  distinct  change  was  produced  with  '05  c.c.  in  the  former 
case.  On  the  other  hand,  the  delicacy  of  phenolphthalein  is  not 
affected  by  the  salts  of  sodium  and  potassium  mentioned  above, 
but  quantities  of  sulphate,  nitrate,  and  chloride  of  ammonium, 
equivalent  to  85  gram,  of  ammonia  per  100  c.c,  required  about 
1*5  c.c.  of  normal  caustic  soda  to  produce  even  the  faintest  I'ed 
colour,  showing  that  ammonia  and  its  salts  must  be  carefully 
excluded  when  this  indicator  is  made  use  of. 

VII. — Effect  of  the  sulphites  of  the  alkalies. 

A  sample  of  ordinary  normal  sulphite  of  sodium  was  selected, 
tested  for  impurities,  and  thesulphuix)us  acid,  sulphuric  acid,  and  soda 
determined  to  make  certain  that  it  was  of  the  proper  composition. 
This  was  found  to  be  the  case,  and  a  solution  was  prepared  of  which 
50  C.C.  (the  amount  used  for  each  test)  contained  3*15  grams,  of 
sulphite  of  sodium.    This  is  equal  to  155  gmm.  of  soda  (Na^O). 

LitmxLS. — On  adding  the  normal  acid  to  the  portion  tested  with 
this  indicator,  the  solution  remained  quite  blue  till  about  12  c.c. 
had  been  added,  but  after  that  it  became  purple  and  slowly  passed 
into  the  red.  The  end-reaction  was  obsei-^^ed  by  comparing  with  a 
solution  containing  the  same  quantity  of  litmus  reddened.  24*9  c.c. 
were  consumed,  which  is  equal  to  -771  gram,  of  soda,  or  very  nearly 
half  that  contained  in  the  sulphite  of  sodium.  When  boiled,  the 
colouring  matter  is  destroyed. 

Methyl  orange, — In  this  case  25 '1  c.c.  of  the  normal  acid  were 
consumed,  which  is  equal  to  '778  gram,  of  soda — a  result  slightly 
higher  than  that  obtained  by  litmus,  but  still  practically  the  same. 
The  end-reaction  was,  unlike  that  of  litmus,  very  sharp  and  decided. 

Phenacetolin. — With  phenacetolin  the  result  was  exactly  the 
same  as  that  procured  with  methyl  orange ;  but,  as  in  the  case  of 
litmus,  the  colour  changed  so  gradually  that  the  end-reaction  was 
not  very  sharply  defined. 

Phenolphthalein. — Sulphite  of  sodium  is  practically  neutral  to 
phenolphthalein,  but,  as  has  been  shown,  it  is  strongly  alkaline 
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to  the  other  three  indicators.  Only  -2  cc.  of  normal  acid  was 
necessary  to  discharge  the  red  colour  in  the  cold,  but  when  boiled 
4  C.C.  were  required.  On  cooling  and  titrating  back,  3  8  c.c.  of 
normal  alkali  were  consumed ;  so  that  when  this  method  is  em- 
ployed, the  practical  neutrality  of  sulphite  of  sodium  may  be 
depended  upon,  provided  too  much  acid  is  not  added  before  boiling. 
If  a  large  excess  of  acid  were  used  the  boiling  would  expel  sul- 
phurous acid,  and  a  high  result  would  be  the  consequence. 

\t  need  only  be  added  that  potassium  and  ammonium  sulphite 
act  towards  these  indicators  in  the  same  way  as  the  sodium  com- 
pounds, except  in  the  case  of  the  ammonium  salt  with  phenolph- 
thaleiD,  which  cannot  be  used  in  presence  of  ammonium  com- 
poimds. 

TABLE  V. 

Results  obtained  in  the  titration  of  sodium  sulphite  with  normal  acid. 

Amount  of  Na,  SO3,  used  for  each  test,  3.15  grams. 
Equal  to  Na,  0,    1*55  ,, 


„        « T  It   A  '  Normal  Acid  Grains  Na,  O  ob- 

Name  of  Indicator.  [  consumed.  tnincd. 


1 


Litmus,    24  1)  772 

Methyl  orange,    25-1  '778 

Phenacetolin,   25  1  778 

I 

Phenolphthalein  (cold),       ..  2  GOG 


I  Do.  (boUed),    ..  40  124 


VIII. — Effect  of  thiostdphate  of  sodium. 

This  salt,  which  is  known  better  as  the  hyposulphite  of  soda, 
is  perfectly  neutral  to  litmus,  methyl  orange,  phenacetolin,  and 
phenolphthalein. 


IX. — Effect  of  sidphide  of  sodium. 

To  obtain  pure  normal  sulphide  of  sodium  a  solution  of  sul- 
phuretted hydrogen  was  prepared,  the  strength  of  which  was 
determined  by  oxidation  in  an  alkaline  solution  with  peroxide  of 
hydrogen,  and  precipitation  with  chloiide  of  barium.  Exactly 
enough  hydrate  of  sodium  was  now  added  to  foim  Na^S,  and  the 
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solution  made  up  to  such  a  volume  that  50  c.c.  (the  quantity  ope- 
rated upon)  contained  '284  grams,  of  the  sulphide. 

Litmus. — When  thoroughly  boiled  after  each  addition  of  acid  to 
expel  the  sulphuretted  hydrogen,  an  excellent  result  was  obtained, 
7*2  c.c.  of  normal  acid  being  consumed.  This  is  equal  to  -280 
grams,  of  sulphide  of  sodium. 

Methyl  orange. — With  this  indicator  the  same  number  of  c.c. 
of  acid  was  consumed  as  with  litmus.  The  liberated  sulphuretted 
hydrogen  had  evidently  no  effect  on  the  colour,  as  the  end-reaction 
was  quite  sharp.    This  has  been  pointed  out  by  Lunge. 

PJiermcetolin  behaves  in  much  the  same  way  as  litmus,  the 
boiling  off  of  the  sulphuretted  hydrogen  being  necessary  to  the 
obtaining  of  a  decided  change  in  colour  when  the  end  of  the  ex- 
periment is  reached.  The  result  was  the  same  as  that  obtained 
with  litmus. 

Phenolphthalein  gave  rise  to  the  characteristic  red  colour  with  the 
sulphide  of  sodium  ;  but  thLs  colour  was  discharged  after  the  addi- 
tion of  3*55  c.c.  of  normal  sulphuric  acid.  This  is  practically  equal 
to  half  of  the  sodium  sulphide,  and  shows  that  the  sodium  hydro- 
gen sulphide — which  is  formed  by  the  combination  of  the  normal 
sulphide  with  the  liberated  sulphuretted  hydrogen — is  neutral  to 
phenolphthalein.  On  boiling  the  solution  the  red  colour  returned, 
and,  altogether,  7 '15  c.c.  of  the  acid  were  consumed — the  whole  of 
the  sodium  sulphide  being  thus  estimated. 

Pota.ssium  and  ammonium  sulphides  have  exactly  the  same 
effect  as  the  sodium  compound,  always  excluding  phenolphthalein 
with  regard  to  the  ammonium  salt. 

TABLE  VI. 

Results  obtained  in  the  titration  of  sodium  sulphide  by  normal  acid. 


Amount  of  Na^S  employed  for  each  test,  ...     -284  gram. 

Name  of  Indicator.              I  ^'^^^TcS^  A'"'  |  ^^'J-'.^^-''^ 

Litmus,  I  7-2  -280 

Methyl  orange,     ...  7  2  '280 

Phenacetolin,       .              .    !  7  2  -280 

I 

Phenolphthalein  (cold),  3 '55  138 

I 

Do.           (boiled),  7  If)  278 
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X, — Effect  of  the  phosphates  of  the  alkalies. 

As  the  normal  phosphate  of  potassium  is  generally  found  to 
the  extent  of  one  or  two  per  cent,  (it  has  even  been  found  as  high 
as  seven  per  cent.)  in  commercial  carbonate  of  potash,  it  is  a 
matter  of  great  importance  to  know  what  proportion  of  the  potash, 
existing  as  phosphate,  is  determined  by  standard  acid.  I  found 
that  the  phosphates  of  potassium,  sodium,  and  ammonium  acted 
in  the  same  manner  towards  the  indicators  when  titrated  with 
standard  acid,  and  will,  therefore,  only  quote  the  double  series  of 
experiments  made — the  one  with  normal  sodium  orthophosphate 
(Na3P04),  and  the  other  with  the  ordinary  disodium  hydrogen 
orthophosphate  (Na2HP04).  The  crystallized  form  of  the  former 
of  these  salts  was  prepared  by  dissolving  a  weighed  quantity  of 
the  latter  in  boiling  water,  adding  the  proper  proportion  of 
hydrate  of  sodium,  and  allowing  to  crystallize  out.  After  re-crystal- 
lizing both  of  these  phosphates,  a  portion  of  each  was  ignited  to 
obtain  the  real  amount  of  dry  salt  in  each,  and  solutions  made  of 
such  a  strength  that  50  c.c.  contained  in  the  one  case  2*05  gram. 
NagPO^  (equal  to  M62  gram.  Na,0),  and  in  the  other  1-775 
gram,  Na.jHP04  (equal  to  -775  gram,  of  Na^O). 

When  litmus  was  used  in  the  titration  of  the  normal  phosphate, 
the  blue  colour  remained  intact  until  about  16  c.c.  of  the  normal 
sulphuric  acid  were  added,  when  it  became  purple,  and,  on  further 
addition,  slowly  passed  into  red,  the  change  being  complete  at 
about  24*9  c.c.  This  is  equal  to  '772  gram,  of  soda,  which  is 
practically  two-thirds  of  the  total  soda.  The  point  at  which  the 
red  colour  was  fully  developed  could  not  be  ascertained  with  any 
degree  of  accuracy,  even  when  a  solution  of  reddened  litmus  was 
used  for  comparison,  as  the  change  was  so  very  gradual.  The 
mono-acid  phosphate  consumed  12 '4  c.c.  of  the  standard  acid,  thus 
agreeing  with  the  result  of  the  normal  phosphate. 

Methyl  orange  gives  as  delicate  an  end-reaction  as  with  hydrate 
of  sodium.  The  results  were  slightly  higher  and  nearer  the  truth 
than  those  obtained  with  litmus,  25  05  c.c.  being  required  in  the 
one  case  and  12*6  in  the  other. 

Phenacetolin. — With  this  indicator  the  same  number  of  c.c.  were 
necessary  as  with  litmus,  and,  like  the  latter,  changes  gradually 
in  colour,  so  that  the  point  at  which  excess  of  acid  is  added  is 
somewhat  difficult  to  catch.  There  is,  however,  a  peculiar  pheno- 
menon to  be  noticed  with  regard  to  this  indicator.    The  normal 
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phosphate,  like  hydrate  of  sodium,  only  brings  out  the  scarcely 
perceptible  yellow  colour ;  but,  after  the  addition  of  about  11  c.c. 
of  the  normal  acid,  the  permanent  pink  colour  is  formed.  In  fact, 
the  first-named  salt  acts  towards  phenacetolin  as  if  it  were  a 
mixture  of  hydrate  and  the  mono-acid  phosphate  of  sodium.  The 
latter  salt  produces  the  pink  colour  at  once. 

Phenolphtlialein  again  acts  in  an  entirely  different  way  to  the 
other  indicators.  We  have  seen  before  that  NaHCOj,  NaHS, 
and  Na^jSOj  are  neutral  to  this  indicator,  and  to  these  must  now 
be  added  Na^HPO^;  while  NaHSO,  and  NaH^PO^  are  neuti-al 
to  litmus,  methyl  orange,  and  phenacetolin — NaHCOg  and  NaHS 
being  alkaline,  and  not  requiring  to  be  decomposed  by  boiling 
before  determining  the  alkali  in  them  by  test  acid.  It  will  be 
observed  that,  in  each  case,  there  is  exactly  an  atom  of  sodium  of 
difference,  the  phenolphtlialein  being  invariably  the  weaker  indicator. 

In  titrating  the  normal  phosphate,  12*65  c.c.  of  the  test  acid 
were  required  to  discharge  the  red  colour  in  the  cold,  and  13*7  c.c. 
in  the  boiling  solution,  the  mono-acid  phosphate  requiring  only 
•25  in  the  cold  and  1  -4  in  the  hot.  In  each  case,  on  cooling  and 
titrating  back  with  caustic  soda,  the  same  result  as  was  obtained 
at  first  in  the  cold  solution  was  brought  out.  These  results  show 
that  when  phenolphthalein  is  employed,  one-third  of  the  soda  in 
normal  phosphate  of  sodium  is  estimated  by  standard  sulphuric 
acid,  and  only  a  trifling  portion  of  that  existing  as  the  mono-acid 
phosphate. 

TABLE  VII. 

Results  obtained  in  the  titration  of  normal  sodium  phosphate  and  disodiam 
hydrogen  phosphate  by  normal  acid. 

Na8P04  used  for  each  test,    2*050 

=  Na,^  »•  M  1102 

Na.HPO^    „    1-775 

=  Na,0    775 

NagPO*  Na,HP04 

I  Narac  of  Indicator.  C.C.  Normal  ,    '  C.C.  Normal 

I  Acid  Gram,  of 

'  consuimd.    ^n,0  found,    consumed.    >'n«0  found. 


Litmus,   ....  24-9  772  124  -384 

Methyl  orange,  25  05  '776  12  6  390 

Phenacetohn  (first  change),  110  '341 

I        Do.       (second  „    ),  24  9  772  12  4  -384 

I  Phenolphthalein  (cold),    .  12-65  "392  '25  "008 

Do.         (boiled),    ,  13  7  425  14  043 
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AV. — Effect  of  silicate  of  sodium. 

A  preliininaiy  test  was  made  of  the  value  of  litmus  for  the 
estimation  of  soda  in  silicate  of  sodium,  by  taking  a  quantity  of 
hydrate  of  sodium  of  known  strength,  dissolving  some  silica  in  it, 
and  then  determining  the  soda.  The  exact  amount  of  soda  used 
was  found,  and  the  estimation  made  by  litmus  was  taken  as  the 
standard  of  comparison  with  the  i*esults  obtained  with  the  other 
indicators.  Five  grams,  of  commercial  liquid  silicate  of  soda 
was  employed,  and  15*05  c.c.  of  normal  acid  was  consumed  with 
litmus  as  indicator,  the  end-reaction  taking  place  with  great 
distinctness. 

With  methyl  orange  also  a  veiy  distinct  end-reaction  was 
obtained,  and  15*1  c.c.  was  consumed — a  i-esult  closely  correspond- 
ing with  the  former  one. 

Plietiacetolin  gave  a  dark  pink  colour  with  the  silicate  of  sodium, 
but  this  became  yellowish  towards  the  end  of  the  test,  and  the 
change  was  not  very  distinct.  15  c.c.  of  the  acid  was  necessary, 
which  does  not  materially  differ  from  the  quantities  obtained  with 
litmus  and  methyl  orange. 

Phenolphthalein. — ^The  red  colour  produced  by  the  phenolph- 
thalein  was  slowly  destroyed  on  running  the  acid  into  the  cold 
silicate  solution,  12*7  c.c.  only  being  required.  When  boiled,  the 
colour  returned,  but  was  dispelled  when  13  5  c.c.  had  been  added. 
These  results  are  considerably  below  the  truth. 

TABLE  VIII. 


Results  obtained  in  the  titration  of  sUicate  of  sodium  (Na,!Si40e). 


Name  of  Indicator. 

1  C.C.  of  Normal  Acid  | 
1  consaraed. 

Gram,  of  NaaO 
found. 

Litmus,       .       .       -       .  . 

1505 

•466 

Methyl  orange,  .... 

151 

•468 

Phenacetolin  

15-0 

•464 

1 

Phenolphthalein  (cold), 

12-7 

•393 

Do.          (boiled),  . 

1         13-5  i 

•418 
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XI L — Effect  of  alumhui. 

Soluble  alumina,  like  silica,  is  seldom  or  never  absent  from 
caustic  soda  or  potash.  The  experiments  were  made  with  an 
excessive  quantity  of  alumina,  the  proportion  used  being  equal  to 
alx)ut  8  per  cent,  in  an  average  strength  caustic  soda.  A  quantity 
of  pure  hydmte  of  aluminium,  equal  to  -515  gi-am.  Al^O,,  was 
prepared  from  alum  by  precipitation  with  ammonia.  This 
precii)itate  was  redissolved,  reprecipitated,  washed  thoroughly, 
dissolved  in  125  c.c.  of  normal  caustic  soda,  and  made  up  to  250 
c.c.  with  water.  50  c.c.  of  this  was  employed  for  each  test,  and 
contained  775  gram,  of  soda,  and  -lOS  gram,  of  alumina. 

Litvms. — When  litmus  is  used  25-25  c.c.  of  the  normal  acid 
were  consumed,  in  place  of  25  requireil  when  no  alumina  was 
present,  nor  did  the  end-reaction  come  out  very  distinctly. 

Methyl  orange. — After  a  little  more  than  25  c.c.  of  the  acid 
had  l>een  consumed,  the  alumina  was  all  precipitated,  and  then 
gradually  dissolved,  the  pink  colour  at  first  produced  being  quickly 
dispelled  as  the  acid  combined  with  the  alunima.  A  decided  and 
fjermanent  change  occurred  when  30-7  c.c.  had  been  added.  This 
gives  '951  gram,  of  soda,  as  against  -775  really  present,  and  if  the 
difference  be  calculated  to  alumina  it  shows  -097  gram,  of  the 
latter  compound  instead  of  '103.  It  is  thus  evident  that  nearly  the 
whole  of  the  alumina  has  been  estimated  along  with  the  soda. 

With  2>henacetolin  and  pIie)iolphtIialein,  the  real  amount  of  soda 
used  was  obtained.  The  only  effect  of  the  precipitated  alumina  is 
to  obscure  the  end-reaction  slightly. 

TABLE  IX. 


Results  obtained  in  the  titration  of  oluminate  of  soda. 

Na^O  used  for  each  test,  ... 
Al.Oa  „ 
=  Na,0  „ 

•775  gram. 
•103  „ 
•186 

Name  of  Indicator. 

C.C.  of  Normal  Acid 
consumed. 

Gram,  of  Na^O 
found. 

Litmus,   

25 -25 

•782 

Methyl  orange,   

.    i  30-7 

•951 

Phenacetolin,   

25  05 

•776 

Phenolphthalein,  

1 

.             25  0 

1 

•775 

Mr.  E.  T.  Thomson  on  the  use  of  Litmus^  <lcc,  73 


XIII. — Effect  of  nitrite  of  sodium  and  potassium, 

A  solution  of  nitrite  of  potassium  was  prepared  by  decomposing 
with  chloride  of  potassium  a  known  weight  of  nitrite  of  silver, 
which  was  precipitated  from  a  solution  of  nitrite  of  sodium.  20 
C.C.  of  this  nitrite  of  potassium  liquor  contained  1*7  gram,  of 
KNOjj,  and  this  quantity,  diluted  to  100  c.c,  was  employed  for 
each  test.  The  nitrite  was  found  to  be  quite  neutral  to  litmus, 
phenacetolin,  and  phenolphthalein.  With  methyl  orange,  however, 
the  pink  colour  was  not  produced  even  after  adding  30  c.c.  of 
normal  acid,  but  seemed  to  be  destroyed  at  once  by  the  liberated 
nitrous  acid.  Another  quantity,  containing  -085  gram,  of  the 
nitrite  in  the  100  cc,  gave  a  pink  colour,  with  -2  c.c.  of  acid,  but 
this  was  slowly  dispelled  on  standing  a  few  minutes,  leaving  a  pale 
yellow  colour.  Nitrite  of  sodium  acts  in  the  same  way  towards 
the  indicators  as  nitrite  of  potassium.  Nitrites  are  sometimes 
found  in  small  proportion  in  caustic  soda  and  potash. 

XIV. — Determination  of  soda  in  borax. 

The  solution  of  borax  employed  contained  1  *683  gi'am.  of  pyro- 
borate  of  sodium  in  50  c.c,  the  quantity  used  for  each  test. 

With  litmus,  the  blue  colour  began  to  purple  when  13  cc. 
had  been  added,  but  the  change  was  not  complete  until  16*65 
in  the  one  case,  and  16*6  c.c.  of  normal  acid  in  the  other, 
had  been  consumed.  This  shows  -516  and  -514  gram,  of  soda, 
as  against  -516  really  present.  The  end-reaction,  however,  is 
very  indistinct. 

Methyl  orange  is  by  far  the  best  indicator  for  the  estimation  of 
soda  in  borax,  and  is  indeed  perfect  in  that  respect.  The  change 
in  colour  at  the  end  of  the  experiment  was  very  sharply  defined. 
The  results  agreed  closely  with  those  of  litmus. 

Phenacetolin. — Like  litmus,  the  colour  of  this  indicator  slowly 
changes,  and  a  good  end-reaction  is  therefore  impossible.  The 
whole  of  the  soda  can  be  estimated  by  it. 

Plimolphtlialein  is  utterly  useless  for  the  purpose  under  con- 
sideration. The  red  colour  disappears  befoi'e  half  of  the  soda  is 
determined  in  cold  solutions.  When  boiled,  a  much  higher  result 
is  obtained,  but  still  very  far  below  the  truth. 
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TABLE  X. 
Determination  of  soda  in  borax. 


Na,B40,  ufied  for  each  test, 
-Na.O 


Name  of  Indicator. 


  1683 

  -516 

C.C.  of  Normal  Acid       Gram,  of  KaaO 


consamed. 


obtained. 


Utmuf,   

16()0- 

16() 

•516  — 

•514 

Methyl  orange,   

..    '  16-7  - 

IC-Go 

•518  — 

•516 

Phenacetolin,   

16-7  - 

lC-6 

•518  — 

•514 

Phenophthale'in  (cold),  ... 

...    .    70  — 

7-8 

•235  — 

-242 

Do.         O)oile<l),  ... 

.     !  110  - 

11-3 

•341  — 

•350 

XV, — Determination  of  free  sulphuric,  nitric,  and  hydrochloric  adds. 

It  is  ([uito  plain  from  the  results  obtained  when  testing  the 
behaviour  of  the  sulphates,  chlorides,  and  nitrates  of  the 
alkalies  with  the  indicators  under  consideration,  that  these  acids 
can  be  determined  by  a  standard  caustic  alkali,  excepting  that 
ammonia  cannot  Ik)  used  with  phenolphthalein.  Carbonate  of 
sodium  can  be  luioil  in  the  cold  if  methyl  orange  is  employed,  and 
in  the  case  of  phenacetolin  the  caustic  potash  or  soda  should 
contain  a  little  carbonate  of  potassium  or  sodium,  so  that  the 
carbonate  or  bicarbonate  will  be  fonned  when  the  end-reaction  is 
reached,  and  the  dark  pink  colour  will  be  produced. 


XVI. — Determination  of  free  oxalic  amd. 

A  normal  solution  of  pure  oxalic  acid  was  pi*epared,  and  20 
c.a  of  this  was  employed  for  each  test. 

With  litmus  the  end-reaction  was  very  well  defined,  and  exactly 
20  CO.  of  noi-mal  hydrate  of  sodium  were  consumed,  thus  giving 
exactly  the  amount  of  oxalic  acid. 

Methyl  orange. — It  has  been  pointed  out  by  Lunge  that  methyl 
orange  must  not  be  employed  when  oxalic  acid  is  titrated,  and 
from  the  following  test  it  is  evident  that  it  cannot  be  relied  on. 
When  12  c.c.  of  the  normal  alkali  were  added  the  pink  colour 


Mr  R.  T.  Thomson  on  tf^e  icse  of  LUmui,  <£rc.  75 


begau  to  fade  away,  and  was  completely  destroyed  after  the  addi- 
tion of  18  c.c. 

Phenacetolin. — The  addition  of  19-8  c.c.  produced  a  very  faint 
pink  colour,  which  was  not  fully  developed  till  20  c.c.  had  been 
consumed.  This  indicator  cannot,  therefore,  be  recommended  as 
useful  for  the  titration  of  oxalic  acid. 

Fhenolphthale'in,  on  the  contrary,  works  admirably,  the  end- 
reaction  being  as  delicate  as  with  the  mineral  acids.  The  result 
agreed  with  that  of  litmus. 

TABLE  XI. 
Determination  of  oxalic  acid. 
H,C\04  ^ch  test,    '900  grams 


#,  11    .  C.C.  ofNormul  Gram.  UaC«04 

Name  of  Indicator.  NaHO  consumed.  found.'  * 


Litmus,                                          20-0  '900 

Methyl  orange,  ...               18  0  '810 

Phenacetolin,                                   19'8  '891 

PhenolphthaleiD,  .                            20  0  '900 


X  VII. — DetermiiuUion  of  acetic  acid. 

The  sample  of  acetic  acid  in  which  the  free  acid  was  determined 
showed  a  specific  gravity  of  1-0472  at  15^  C,  which  is  equal  to, 
according  to  Oudemann's  table,  35*02  i>er  cent  of  HOgHgOj. 
100  grams,  of  this  acid  were  made  up  to  one  litre  with  water,  and 
50  C.C.  used  for  each  titration,  the  caustic  alkali  used  being 
standardized  with  normal  sulphuric  acid. 

Litmus. — On  adding  the  normal  caustic  soda,  the  red  colour 
remained  intact,  but  towards  the  end  of  the  experiment  became 
purple  and  almost  blue  before  the  end-reaction  was  accomplished. 
The  last  change  in  colour  could  only  be  observed  by  comparison 
with  a  blue  litmus  solution  of  the  same  strength  as  the  liquid 
operated  upon.  29'15  c.c.  were  consumed  both  with  this  experi- 
ment and  with  one  tested  with  litmus  paper,  1  -749  gram,  of  acetic 
acid  being  obtaine<l  in  each  case. 
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Methyl  oratige  is  totally  useless  as  an  indicator  in  the  estimation 
of  acetic  acid,  only  3*5  c.c.  of  the  alkali  being  consumed. 

Fhenacetolin. — The  addition  of  28  c.c.  produced  a  pale  rose 
colour,  but  the  change  was  very  undecided.  This  indicator  is  not 
adapted  for  this  purpose. 

Phenolphthalein  is  well  fitted  for  use  in  the  estimation  of  free 
acetic  acid  by  caustic  soda,  as  acetate  of  sodium  is  perfectly  neutral 
to  it,  while  that  salt  is  alkaline  to  litmus.  Several  tests  gave 
29*2  c.c.  of  normal  alkali  consumed — these  results  \)e\iig  slightly, 
but  quite  distinctly  higher  than  those  obtaine<l  with  litmus.  The 
end-reaction  is  as  delicate  and  sharply  detiued  as  in  the  deter- 
mination of  the  mineral  acids.  If  the  solution  in  which  the  acetic 
acid  is  to  be  determined  is  dark  coloured  (as  in  some  \'inegars),  it 
may  be  highly  diluted,  as  dilution  has  little  or  no  effect  on  the 
delicacy  of  phenolphthalein. 

TABLE  XII. 
Determiiiation  of  acetic  acid. 


,  ,       ,  1  C.C.  of  Normal  NaHo  i    Grams,  of  HCaHsO. 

Name  of  Indicator.  '         consumed.  found. 


Litmus,       ....  29  15— 29  15  1-749— 1749 
Methyl  orange,    ...               3  5  -210 
Fhenacetolin,                                  27  8  1668 

Phenolphalein,     .  29-2— 29*2  1752-1 '752 


XV 111. — Determination  of  tartaric  acid. 

1"5  grams,  of  pure  and  dry  tartaiic  acid  were  used  for  each 
experiment.  The  solution  tested  with  litmus  as  indicator  began 
to  get  purple  after  the  addition  of  19  c.c.  of  normal  caustic  soda, 
but  the  change  to  blue  was  not  complete  till  20  c.c.  had  been  con- 
sumed, the  tartaric  acid  found  being  exactly  eqtiivalent  to  the 
quantity  taken.  As  with  oxalic  and  acetic  acids,  methyl  orange 
gives  very  low  results,  16  c.c.  only  being  required  to  dispel  the 
pink  colour.  The  tartaric  acid  found  by  phenacetoliny  was 
slightly,  but  perceptibly,  under  the  truth. 

Phenolphthalein  in  this  case,  as  with  acetic  acid,  is  the  only 
perfect  indicator  among  these  four.  Although  the  results  obtained 
are  much  the  same  as  those  with  litmus,  the  unimpaired  delicacy 
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of  the  end-reactiou  gives  phenolphthalein  a  great  advantage  over 
the  former  indicator. 

TABLE  XIII. 


Determination  of  tartaric  acid  B.^C^B.fi^  used  for  each  test,  15  gram. 


Name  of  Indicator. 

I  C.C.  of  Normal  NaHo 
1  consumed. 

1 

Gram,  of  HsC4H40e 
found. 

Litmus, 

20—20 

1-500— 1-600 

Methyl  orange,  . 

16 

1-200 

Phenacetolin, 

19-85 

1-488 

Phenolphthalelo,  . 

20—20 

1*500- 1-500 

XIX. — Determinatio7i  of  citric  acid. 

The  sample  used  for  the  following  tes^a  was  found  to  be  free 
from  impurity  ;  but,  as  the  water  of  crystallization  varies  to  some 
extent,  it  was  determined  by  drying  for  about  12  hours  between 
50°  and  60°  C,  and  then  gradually  raising  the  temperature  to  100°. 
8-53  per  cent,  was  obtained,  which  is  slightly  lower  than  the 
theoretical  proportion,  8*57  per  cent.  As  14  grams,  were  made 
up  to  200  C.C,  20  C.C.  contained  1*2806  gram,  of  dry  citric  acid 
(HjCcH^O,),  this  being  the  quantity  operated  upon.  The  normal 
caustic  soda  was  standardized  by  normal  sulphuric  acid. 

Litmus  seems  still  to  be  considered  the  best  indicator  for  the 
estimation  of  free  citric  acid,  but  it  is  a  very  defective  one.  In 
the  first  place,  it  gives  a  very  indefinite  end-reaction,  and,  in  the 
second,  the  normal  citrate  of  soda  formed  during  titration  is  so 
alkaline  as  to  preclude  the  use  of  sulphuric  or  any  other  mineral 
acid  in  the  standardizing  of  the  caustic  soda.  Pure  citric  acid 
must  in  that  case  be  employed  as  the  standard,  and  this  entails 
the  testing  for  impurities,  and  the  tedious  estimation  of  water 
described  above.  Allen,  in  his  Commercial  Organic  Analijsisy 
vol.  i.,  p.  263,  noticing  these  points,  observes  that  neither  logwood 
nor  cochineal  give  sharp  end-reactions,  and  recommends  the  use  of 
carefully  prepared  litmus  paper.  In  the  two  tests  I  made  both 
litmus  solution  and  paper  were  used,  the  last  change  in  colour  of 
the  former  being  observed  by  placing  it  side  by  side  with  a  litmus 
solution  of  equal  strength,  to  which  a  little  alkali  had  been  added. 
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The  results  were  identical,  19*7  c.c.  of  the  iionnal  alkali  being 
consumed  in  each  case.  This  shows  *02  gram,  too  little  of  citric 
acid,  and  is  to  be  attributed  to  the  alkalinity  of  the  citrate,  as 
sulphuric  acid  was  made  use  of  in  testing  the  standard  caustic 
soda. 

Methyl  orange  and  phenacetolin  were  found  to  be  of  no  value 
in  the  titration  of  citric  acid,  9  c.c.  being  consumed  with  the 
former  and  17  with  the  latter. 

PhenolphthaleXn, — This  indicator  is  again  distinguished  from 
the  others  by  its  great  delicacy  in  the  determination  of  free  citric 
acid,  as  it  is  in  that  of  tartaric  and  acetic  acids.  Several  tests 
were  made,  and  in  every  case  20  c.c.  of  the  normal  acid  were  con- 
sumed, giving  results  extremely  close  to  the  real  amount  of  citric 
acid  present.  Phenolphthalein  has  thus  two  advantages  over 
litmus  for  the  determination  of  citric,  tartaric,  and  acetic  acids ; 
first,  it  gives  a  sharply  defined  end-reaction,  and,  second,  sulphuric 
acid  can  be  employed  in  standardizing  the  caustic  soda. 

TABLE  XIV. 

Determination  of  citric  acid,  sulphuric  acid  being  used  for  the  standardizing 
of  the  normal  caustic  soda. 

H.^C<,H50,  used  for  each  test,       ...       1  -2806  gram. 


vT  X  C.c.  of  Normal  N'nllO     Gram,  of  HaCeUAO? 

Name  of  Indicator.  consumed.  found. 


Litmus,   19-7—19  1  1  -2608—1  -2608 

Methyl  orange,     ...  0-0  -57fiO 

Phenacetolin,  IT'O  MOOO 

Phenolphthalein,  .  -20-0—20-0  1-2800— 1*2800  ' 


Litmus  and  phenolphthalein  were  further  tested  with  a  sample 
of  lime  juice,  in  order  to  make  certain  that  a  similar  difierence 
in  result  would  be  brought  out  when  these  indicators  were  applied 
to  the  determination  of  citric  acid  in  this  substance.  Of  course 
the  other  free  acids  existing  in  the  juice  would  ])e  included  in  the 
result.    10  c.c.  of  the  sample,  measured  at  15-5''  C,  were  employed. 

Litmus  paper  was  used  as  indicator,  as  the  yellow  colouring 
matter  of  the  lime  juice  darkens  so  much  as  to  make  litmus 
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solution  useless.  13  0  and  13  05  c.c.  of  normal  alkali  were  con- 
sumed, which  give  36*5  grains  of  dry  citric  acid  per  ounce,  30 
grains  per  ounce  being  the  Board  of  Trade  standard. 

Phenolphthale'in. — With  this  indicator  the  most  convenient 
quantity  to  use  is  10  c.c.  of  the  juice,  diluted  to  150  or  200  ac. 
As  the  yellow  colouring  matter  becomes  darker  towards  the  end 
of  the  experiment,  the  end-reaction  is  not  quite  so  delicate  as  in  a 
colourless  solution,  but  can  still  be  recognized  without  the  least 
difficulty.  13*25  c.c.  of  the  normal  alkali  were  consumed  in  each 
case — these  results  being  equal  to  37*1  grains  of  dry  citric  acid 
per  ounce. 


TABLE  XV. 


Determination  of  free  acids  in  lime  juice. 
10  c.c.  of  sample  used  for  each  test. 


Name  of  Indicator. 


;  C.C.  of  Normal  NaHO 


contmned. 


Grains  of  HsCeHftO, 
per  onnce. 


Litmus, 


13-0— 13<>5 


36-40— 36-54  1 


PhenolphthaleiD,  . 


L3 -25— 13-25 


37-10— 37  10 
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IX. — Approximative  Photometric  Measurements  of  Sun^  MooUy 
Cloudy  Sky,  aiid  Electric  and  other  Artificial  Lights.  By  Sir 
William  Tuomsox,  F.KS.,  <fec. 


Sir  William  Thomson  pointed  out  that  the  light  and  heat  per- 
ceived in  the  radiations  from  hot  bodies  were  but  the  different  modes 
in  which  the  energy  of  vibration  induced  by  the  heat  was  con- 
veyed to  our  consciousness.  A  hot  kettle,  red-hot  iron,  incan- 
descent iron,  platinum,  or  carbon,  the  incandescence  in  the  electric 
arc,  all  radiate  energy  in  the  same  manner,  and  according  as  it  is 
perceived  through  the  sense  of  sight,  by  its  organ  the  eye,  or  by 
the  sense  of  heat,*  we  speak  of  it  as  light  or  heat.    When  the 

*  Sometimes  wrongly  called  the  sense  of  touch.  The  true  list  of  the 
senses,  fhrst  given,  I  believe,  by  Dr.  Thos.  Reid  (bom  1710,  and  Professor 
of  Moral  Philosophy  in  the  University  of  Glasgow  from  1764  to  1780),  makes 
two  of  what  used  to  be  called  the  sense  of  touch,  so  that,  instead  of  the 
still  too  common  wrong-reckoning  of  five  senses,  we  have  six,  as  follows : — 


The  sense  of  force  is  the  department  left  to  the  sense  of  touch,  when  the 
sense  of  heat  or  of  temperature  is  taken  from  it.  The  sense  of  touch,  other 
than  temperature,  has  sometimes  been,  not  very  judiciously  or  logically, 
called  "Tactile  sense,"  those  who  have  so  called  it  not  having  noticed  that 
**  tactile  "  is  merely  the  adjective  of  or  belonging  to  touch.  Physiologists 
have  justly  objected  to  the  name  "muscular  sense  of  touch,"  by  which, 
I  believe,  Thomas  Reid  himself,  and  certainly  some  of  his  successors  in 
Glasgow,  who,  teaching  his  philosophy  in  this  matter,  have  designated  the 
sense  of  touch  other  than  temperature.  The  perception  of  roughness,  as 
distinguished  from  smoothness  (when  we  touch  a  piece  of  sandstone  or  of 
loaf  sugar,  and  compare  the  sensation  with  what  we  perceive  when  we 
touch  a  piece  of  glass),  would  not  be  regarded  by  physiologists  as  a  mus- 
cular perception.  But  it  is  a  sense  of  force  and  places  of  application  of 
force  which,  in  the  case  of  touching  a  rough  body,  are  the  little  areas  of 
greater  pressure  distributed  among  places  of  less  pressure  or  of  no  pressure. 


[Read  before  the  Society,  29th  November,  1882.] 


Sense  of  Force. 
,,  Heat. 
, ,  Sound. 


Sense  of  Light. 
,,  Taste. 
,,  Smell. 
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period  of  vibration  is  longer  than  one  four-hundred- million- 
millionth  of  a  second,  the  radiation  can  only  be  perceived  by  the 
sense  of  heat ;  when  the  period  of  vibration  is  shorter  than  one 
four-himdred-million-millionth  of  a  second,  and  longer  than  one 
eight-hundred-million-millionth  of  a  second,  the  radiation  is  per- 
ceived as  light,  by  the  eye. 

Pouillet,  from  a  series  of  experiments,  deduced  a  value  of  the 
energy  radiated  by  the  sun,  equal,  in  British  units,  to  about  86 
foot  pounds  per  second  per  square  foot  of  the  earth's  surface,*  or 
about  1  horse-power  to  every  6  J  square  feet  at  the  earth's  surface. 
We  may  estimate  from  this  the  value  of  the  solar  mdiation  at  the 
surface  of  the  sun.  The  sun  is  merely  an  incandescent  molten 
mass  losing  heat  by  radiation,  and  surrounded  by  an  atmosphere 
of  incandescent  vapour,  so  that  the  radiant  energy  really  comes 
out  from  any  square  foot  or  square  mile  of  the  sun's  surface,  as 
from  a  pit  of  luminous  fluid  which  we  cannot  distinguish  as  either 
gaseous  or  liquid.  Take,  however,  instead  of  the  sun,  an  ideal 
radiating  surface  of  a  solid  globe  of  440,000  miles  radius.  The 
distance  of  the  earth  being  taken  as  93  million  miles,  the  radius 
of  the  sun  is  equal  to,  say  in  round  numbers,  one  two-hundredth 
of  the  earth's  distance ;  hence  the  area  at  the  earth's  distance  cor- 
responding to  one  square  foot  of  the  sun's  surface,  is  equal  to 
40,000  square  feet.  The  radiation  on  this  surface  is  (40,000  x 
8G,  or)  3,440,000  foot-pounds,  which  is  therefore  the  amount  of 
radiation  from  each  square  foot  of  the  sun's  surface.   This  amounts 


When  we  perceive  resistance  to  our  two  hands  pressing  on  solid  matter,  or 
holding  up  weights,  we  perceive  force  and  places  of  application  of  force ; 
the  places  of  application  of  the  force  being  the  surfaces  of  the  two  hands. 
In  respect  to  this  case  of  the  perception  of  force,  physiologists  would  no 
doubt  accept  Thomas  Keid's  name  of  "  muscular  sense."  But  whether  the 
person  perceiving  the  force  is  conscious  of  a  sensation  in  the  muscles  of  his 
arms,  or,  as  in  the  case  of  perceiving  roughness,  is  merely  conscious  of  a 
sensation  in  the  sensitive  material  of  his  fingers,  or  is  conscious  of  rough- 
ness iu  the  tips  of  his  fingers,  and  of  muscular  stress  in  the  muscles  of  his 
fingers,  the  thing  perceived  is  still  force  and  places  of  application  of  force. 
The  simplest  proper  name  of  the  sense  to  which  these  perceptions  belong  is 
the  sense  of  "force." 

*  More  recent  observers  have  found  larger  and  larger  results.  Langley 
{Comptes  Bendus,  11th  Sept.,  1882,  and  American  Journal  of  Science,  vol. 
XXV.,  March,  1883)  finds  1*7  times  the  value  given  by  Pouillet,  and  quotes 
MM.  Soret,  and  Crova  and  Violle,  who  found  respectively  1*3  and  1*5 
times  Pouillet's  result. 
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to  about  7,000  horse-power,  which,  according  to  our  bmn-wasting 
British  measure,  we  must  divide  by  144,  if  we  wish  to  know  the 
radiation  per  square  inch  of  the  sun's  surface,  which  we  thus  find  to 
be  50  horse-power. 

The  normal  current  through  a  Swan  lamp  giving  a  20-candle 
light  is  equal  to  1*4  amperes  with  a  potential  of  40  to  45  volts. 
Hence  the  activity  of  the  electric  working  in  the  filament  is  61*6 
ampere-volts  or  watts  (according  to  Dr.  Siemens'  happy  desig- 
nation of  the  name  of  Watt,  to  represent  the  imit  of  activity 
constituted  by  the  ampere-volt).  To  reduce  this  to  horse-power 
we  must  divide  by  746,  and  we  thus  find  about  1-1 2th  of  a  horse- 
power for  the  electric  activity  in  a  Swan  lamp.  The  filament  is 
3^  inches  long,  and  '01  of  an  inch  in  diameter  of  circular  section ; 
the  area  of  the  surface  is  thus  l-9th  of  a  square  inch,  and  there- 
fore the  activity  is  at  the  rate  of  3-4ths  of  a  horse-power  per  square 
inch.  Hence  the  activity  of  the  sun's  radiation  is  about  sixty- 
seven  times  greater  than  that  of  a  Swan  lamp  equal  area, 
when  incandesced  to  240  candles  per  horse-power. 

In  this  countiy  the  standard  light  to  which  photometric 
measurements  are  referred  is  that  obtained  from  what  is  known 
as  a  "  standard  candle."  Latterly,  however,  objections  have  been 
raised  against  its  accui-acy.  It  has  been  said  that  differences  of 
as  much  as  14  per  cent,  have  been  found  in  the  intensity  of  the 
light  given  by  different  standard  candles,  and  that  serious  differ- 
ences have  been  observed,  in  the  intensity  of  the  light  from 
different  parts  of  the  same  candle,  in  the  course  of  its  burning. 
The  Carcel  lamp,  the  standard  in  use  in  France,  has  been  regarded 
as  the  only  reliable  standard.  It  is,  no  doubt,  veiy  reliable  and 
accurate  in  its  indications ;  but  it  should  be  remembered  that  its 
accuracy  is  greatly  owing  to  the  careful  method  and  the  laborious 
precautions  taken  to  secure  accuracy.  If  something  akin  to 
the  precautions  applied  to  the  Carcel  lamp  by  Regnault  and 
Dumas  were  applied  to  the  production  and  use  of  the  standard 
candle,  there  is  little  doubt  but  that  sufficient  accui-acy  for  most 
practical  purposes  could  also  be  obtained  with  it  ;  probably 
as  good  results  as  are  already  obtained  by  the  use  of  the  Carcel 
lamp. 

At  the  Conference  on  Electrical  Units  which  met  in  Paris 
lately,  a  suggestion  was  made  to  use  as  a  standard  for  photo- 
metric measurements  the  incandescence  of  melting  platinum, 
and  very  interesting  results  and  methods  in  connection  with  the 
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proposal  were  presented  to  the  meeting.  According  to  experi- 
ments by  Mr.  Violle,  which  M.  Dumas  reported  to  the  Con- 
ference, a  square  centimetre  of  liquid  platinum  at  the  melting 
temperature  gives  of  yellow  light  seven,  and  of  violet  light  twelve 
times  the  quantities  of  the  same  colours  given  by  a  Carcel  lamp. 
The  apparent  area  of  the  Swan  filament,  being  one-ninth  of  a 
square  inch,  is  *23  of  a  square  centimetre,  and  when  incandesced 
to  20  candles  must  be  about  as  bright  as  the  melting  platinum  of 
Mr.  Violle's  experiment,  as  the  7  carcels  of  yellow  and  12  of 
violet  must  correspond  to  something  like  10  carcels  or  85  candles, 
in  the  ordinary  estimation  of  illumination  by  our  eyes.  The  tint 
of  Mr.  VioUe's  glowing  platinum  cannot  be  very  different  from 
that  of  the  ordinary  Swan  lamp  incandesced  to  its  "  20  candles." 
Thus,  both  as  to  tint  and  brightness,  it  appears  that  melted  pla- 
tinum at  its  freezing  temperature  is  nearly  the  same  as  a  carbon 
filament  in  vacuum  incandesced  to  240  candles  per  horse-power. 

For  approximative  photometric  measurements  the  most  con- 
venient method  is  certainly  that  of  Rumford,  by  a  comparison  of 
the  shadows  cast  by  the  sources  of  light  on  a  white  surface.  The 
apparatus  necessary  are  only  a  piece  of  white  ^mper,  a  small 
cylindrical  body  such  as  a  pencil,  and  a  means  of  measuring  dis- 
tances. Ordinary  healthy  eyes  are  usually  quite  consistent  in 
estimating  the  strength  of  shadows,  even  when  the  shadows 
examined  are  of  different  colours,  and  with  a  reasonable  amount 
of  care  photometric  measurements  by  this  method  may  be  obtained 
within  2  or  3  per  cent,  of  accuracy.  The  difference  in  the  colours  of 
the  shadows  is,  of  course,  due  to  each  shadow  being  illuminated  by 
the  other  light. 

Arago  has  compared  the  luminous  intensity  of  the  sun  with  that 
of  a  candle,  and  estimates  it  as  equal  to  about  15,000  times  that 
of  a  candle  flame. 

Seidel,  as  Sir  W.  Thomson  had  been  informed  by  Helmholtz, 
estimated  the  luminous  intensity  of  the  moon  as  about  equal  to 
that  of  grayish  basalt  or  sandstone.  An  experiment  on  sunlight 
made  in  Glasgow  on  the  8th  of  this  month  (since  this  paper  was 
read),  compared  with  an  observation  on  moonlight,  which  he  made 
at  York  during  the  meeting  of  the  British  Association  there  in 
1881,  had  led  him  to  conclude  that  the  sur&bce  of  the  moon  radiates 
something  not  enormously  different  from  one-quarter  of  the  light 
incident  upon  it.  It  would  be  exactly  this,  if  the  transparency  of 
the  Glasgow  noon  atmosphere  of  December  8,  1882,  had  been 


84 


PInhsophical  Society  of  Glasgmv, 


exactly  equal  to  that  of  the  York  midnight  atmosphere  of 
September,  1881,  referred  to  below,  for  the  respective  altitudes 
of  the  sun  and  moon  on  the  two  occasions.  The  observation  on 
moonlight  referred  to  above  showed  the  moonliglit  at  the  time  and 
place  of  the  observation  (at  York  early  in  September,  1881,  about 
midnight,  near  the  time  of  full  moon)  to  be  equal  to  that  of  a 
candle  at  a  distance  of  230  centimetres.  The  moon's  distance 
(3*8  X  10^^  cm.)  is  1'65  x  10*  times  the  distance  of  the  candle. 
Hence,  ignoring  for  a  moment  the  loss  of  moonlight  in  trans- 
mission through  the  earth's  atmosphere,  we  find  (1*65  x  10*)*,  or 
twenty-seven  thousand  million  million  as  the  number  of  candles 
that  must  be  spread  over  the  moon's  earthward  hemisphere  painted 
black,  to  send  us  as  much  light  as  we  receive  from  her.  Probably 
about  one  and  a  half  times  as  many  candles,  or  say  forty  thousand 
million  million  would  be  required,  because  the  absorption  by  the 
earth's  atmosphere  may  have  stopped  about  one-third  of  the  light 
from  reaching  the  place  where  the  observation  was  made.  The 
moon's  diameter  is  3  5  x  10*  centimetres,  and  therefore  half  the 
area  of  her  surface  is  19  x  10***  square  centimetres,  which  is  nearly 
five  times  forty  thousand  million  million.  Thus  it  appears  that  if 
the  hemisphere  of  the  moon  facing  the  earth  were  painted  black 
and  covered  with  candles  standing  packed  in  square  order  touching 
one  another  (being  say  one  candle  to  every  five  square  centimetres 
of  surface),  all  burning  normally,  the  light  received  at  the  earth 
would  be  about  the  same  in  quantity,  as  estimated  by  our  eyes,  as 
it  really  is.  It  would  have  veiy  much  the  same  tint  and  general 
appearance  as  an  ordinary  theatrical  moon,  except  that  it  would  be 
biightest  at  the  rim  and  continuously  less  bright  from  the  rim  to 
the  centre  of  the  circle  where  the  brightness  would  be  least. 

The  luminous  intensity  of  a  cloudy  sky  he  found  about  10  a. m. 
one  day  in  York  during  the  meeting  of  the  British  Association  to 
be  such  that  light  from  it  through  an  aperture  of  one  square  inch 
area  was  equal  to  about  one  candle.  The  colour  of  its  shadow 
compared  with  that  from  a  candle  was  as  deep  buff  yellow  to  azure 
blue — the  former  shadow  being  illuminated  by  the  candle  alone,  the 
latter  by  the  light  coming  through  the  inch  hole  in  the  window 
shutter. 

The  experiment  on  sunlight  of  last  Friday  (December  8)  showed, 
at  one  o'clock  on  that  day,  the  sunlight  reaching  his  house  in  the 
University  to  be  of  such  brilliancy  that  the  amount  of  it  coming 
through  a  pin-hole  in  a  piece  of  paper  of  09  of  a  centimetre 
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diameter,  produced  an  illumination  equal  to  that  of  126  candles. 
This  is  6*3  times  the  20-candle  Swan  light,  of  which  the  apparent 
area  of  incandescent  surface  is  *23  of  a  square  centimetre,  or  3*8 
times  the  area  of  the  pin-hole.  Hence  the  sun's  surface,  as  seen 
through  the  atmosphere  at  the  time  and  place  of  observation,  was 
24  times  as  bright  as  the  Swan  carbon  when  incandesced  to  240 
candles  per  horse-power.  By  cutting  a  piece  of  paper  of  such 
shape  and  size  as  just  to  eclipse  the  flame  of  the  candle,  and 
measuring  the  area  of  the  piece  of  paper,  he  found  about  2*7 
square  centimetres  as  the  corresponding  area  of  the  flame.  This 
is  420  times  the  area  of  the  pin-hole,  and  therefore  the  intensity 
of  the  light  from  the  sun's  disc  was  equal  to  (126  x  420)  about 
53,000  times  that  of  a  candle-flame.  This  is  more  than  three  times 
the  value  found  by  Arago  for  the  intensity  of  the  light  from  the 
sun's  disc  as  compared  with  that  from  a  candle-flame — so  much  for 
a  Glasgow  December  sun  ! 

The  09  cm.  diameter  of  the  pin-hole,  of  the  Glasgow  observa- 
tion, subtends,  at  230  centimetres  distance,  an  angle  of  1/2566  of 
a  mdian,  which  is  23*7  times  the  sun's  diameter  (1/108  of  a  radian). 
But  at  230  cm.  distance  the  sunlight  through  the  pin-hole  amounted 
to  126  times  the  York  moonlight  (which  was  one  candle  at  230 
cms.  distance).  Hence  the  Glasgow  sunlight  was  [(23-7)' x  126 
times  or]  71,000  times  the  York  moonlight  We  cannot,  there- 
fore, be  very  far  wi-ong  in  estimating  the  light  of  full  moon  as 
about  one-seventy-thousandth  of  the  sunlight,  anywhere  on  the 
earth.  This,  however,  is  a  comparison  which,  because  of  the 
probably  close  agreement  of  the  tints  of  the  two  lights,  can 
probably  be  made  with  minute  t^ccuracy ;  and  we  must,  therefore, 
not  be  satisfied  with  so  very  rough  an  approximation  to  the  i*atio 
as  this  71,000.  A  lime  light,  or  magnesium  light,  or  electric  arc- 
light,  carefully  made  and  remade  mth  very  exactly  equal  bril- 
liance, for  each  separate  observation  of  sunlight  and  moonlight 
might  be  used  for  intermediary. 
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X,—On  the  Preservation  of  Food  by  Cold.    By  J.  J.  Colbmaw, 
F.I.C.,  F.C.S. 


[Read  before  the  Society,  17th  January,  1S83.] 


Scarcely  tbree-and-a-half  years  have  elapsed  since  I  went  out  to 
New  York  with  the  first  cold-air  machine  constructed  under  my 
superintendence,  the  building  and  erecting  of  which  had  occupied 
myself  and  partners,  Messrs.  Bell,  for  several  months.  No 
inventor,  previous  to  this,  had  succeeded  in  making  mechanical 
refrigeration  trustworthy  for  the  preservation  of  food  during  long 
sea  voyages,  or,  in  fact,  had  felt  sufficient  confidence  to  push  the 
matter  at  all  with  shipowners. 

Steamers  and  sailing  vessels  fitted  up  with  machinery  on  the 
lines  we  laid  down  in  1878  are  now  to  be  found  regularly  traversing 
the  Atlantic  and  Pacific,  and  fi*equenting  the  ports  of  London, 
Glasgow,  Melbourne,  Sydney,  Canterbury,  Otago,  Java,  Calcutta, 
New  York,  Bermuda,  and  crossing  the  Red  Sea,  the  Indian  Ocean, 
or  the  Mediterranean.  Their  aggregate  cooling  power  is  such 
that  they  could  without  difficulty  freeze  200,000  tons  per  annum, 
and,  if  worked  at  full  power  and  speed,  their  steam  cylinders 
would  indicate  full  4,000  horse-power.  Their  work  is  various. 
They  have  brought  frozen  salmon  from  the  shores  of  Labrador  and 
delivered  it  in  London ;  they  have  kept  it  in  the  frozen  state  in 
London  for  six  months  whilst  being  sold  in  instalments;  they 
have  again  transferred  it  to  the  shores  of  Australia,  where  it  has 
finally  appeared  perfectly  fresh  and  in  splendid  condition  on  the 
tables  of  the  merchant  princes  of  Melbourne  and  Sydney.  They 
have  conveyed  a  great  number  of  tons  of  English  fish  by  means  of  the 
Orient  steamere  to  the  same  colonies,  comprising  soles,  turbots, 
whiting,  etc.,  which  have  been  bought  up  and  eaten  by  our 
Australian  cousins,  curious  to  taste  and  eager  to  pay  several 
shillings  a  pound  for  such  dainties.  They  have  conveyed  frozen 
salmon  from  the  managers  of  the  Peninsular  and  Oriental  Co. 
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to  the  table  of  the  Khedive  of  Egypt;  and  the  ships  of  the  same 
company,  fitted  up  with  these  machines,  provide  luxuries  for  their 
passengers  never  previously  thought  of. 

But  it  is  chiefly  in  providing  for  the  meat  supply  of  this  country 
that  these  machines  have  had  such  a  rapid  development 

The  history  of  their  conception  and  the  relationship  of  the 
labours  of  myself  and  partners  to  the  inventions  of  previous  date, 
together  with  scientific  questions  involved  in  their  construction, 
have  been  treated  at  length  in  a  paper,  prepared  at  the  request  of 
the  Institution  of  Civil  Engineers  in  London,  and  which  was  read 
at  the  meeting  of  14th  February,  1882,  and  discussed  at  a  meeting 
held  on  February  21st,  presided  over  by  Sir  W.  Armstrong. 

Competing  machine  uiakei-s  were  present,  but  it  did  not  appear 
that  anything  suggested  were  more  effective  than  the  machines 
designed  by  the  author.  A  copy  of  this  paper,  for  which  the 
Institution  have  done  me  the  honour  to  award  a  Watt  Medal  and 
Telford  premium,  can  be  seen  in  the  library  of  our  Society;  but 
there  are  many  points  of  interest  connected  with  the  subject  not 
touched  upon  in  that  paper,  and  much  has  been  done  in  the  year 
which  has  elapsed  since  it  was  read  which  make  me  think  that  it 
will  not  be  uninteresting  to  lay  the  matter  before  you. 

When  submitting  my  paper  to  the  Institution  of  Civil  Eugineei-s, 
I  employed  a  number  of  diagrams — as  many  as  possible  of  which 
are  hung  on  the  walls  of  this  room  to-night — and  as  the  lettering  of 
the  various  parts  is  uniform,  a  cursory  inspection  will  enable  them 
to  be  understood  after  describing  the  first,  which  shall  be  that  of 
the  small  machine  on  board  the  s.8.  Servia  of  the  Cunard  line  used 
for  cooling  the  ship's  provisions.  There  is  not  so  much  special 
necessity  for  the  use  of  these  machines  for  cooling  ship's  provisions 
on  the  Atlantic  traffic  as  upon  the  Oriental  or  West  India  traffic, 
and  therefore  not  much  power  required,  and  that  principally  in  the 
summer  months;  but  this  machine  affords  a  convenient  illustration 
of  the  principles  upon  which  they  are  constructed.  The  motive 
power  of  the  machine  is  the  steam-engine  cylinder.  A,  the  piston 
rod  of  which  has  got  attached  to  its  extremity  a  piston  air-pump, 
P,  and  by  means  of  which  atmospheric  air  is  sucked  in  and  com- 
pressed or  condensed  to  a  small  bulk,  say  one-fourth  or  one-thii-d 
of  its  original  bulk.  In  this  process  the  air  becomes  very  hot, 
because  the  work  employed  in  compression  reappears  as  heat,  which 
is  communicated  to  the  air.  Before  anything  further  can  be  done 
with  the  air  this  heat  rei^uires  to  be  removed,  for  which  purpose 
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not  only  is  a  little  water  being  constantly  injected  into  the  air- 
compressor,  but  the  air  is  made  to  ascend  a  small  tower,  at  the  top 
of  which  there  is  a  rose,  through  which  the  water  injection  pump 
forces  water  in  the  form  of  rain.  The  surplus  water  descends  and 
drains  off  by  a  trap  controlled  by  a  ball-cock,  which  allows  the 
water  to  pass  but  retains  the  air.  The  compressed  air — say  of  50 
or  60  lbs.  pressure  to  the  inch — by  this  time  should  be  about  as 
cool  as  the  water,  which,  at  sea,  is,  of  course,  the  sea  water,  and  on 
land  is,  of  coui-se,  river  water  or  spring  water,  so  that  up  to  now 
no  real  cooling  has  been  done.  All  that  has  been  accomplished  is 
to  remove  the  heat  created  by  the  operations  which  have  brought 
the  air  into  a  compressed  state. 

The  air  requires  now  to  be  thoroughly  dried  before  proceeding 
to  expand  it,  and  for  this  purpose  it  is  conveyed  through  the 
horizontal  pipes,  R,  surrounded  on  their  outside  by  the  cool  air  of 
the  room  being  refrigerated.  This  brings  the  compressed  air  a  few 
degrees  below  that  of  the  water,  and  is  mei-ely  for  the  pui'pose  of 
liquefying  and  removing  the  vapour  existing  in  the  air  previous  to 
the  expansion,  which  operation  is  the  real  source  of  cold. 

If  the  compressed  air  is  expanded  back  to  its  original  atmos- 
pheric pressure  by  allowing  it  to  blow  through  a  small  pipe  or  hole, 
it  is  not  permanently  cooled  at  all,  but  if  it  is  expanded  behind  a 
working  piston,  so  as  to  get  work  out  of  it  like  getting  work  out 
of  steam,  then  the  air  becomes  cooled  as  much  as  50,  100,  or  200 
degrees  below  freezing  point,  according  to  the  amount  of  previous 
compression.  Accordingly,  in  this  Servia  machine  the  compressed 
air  is  conveyed  from  the  moisture-depositing  pipes,  R,  and  is 
expanded  in  the  act  of  doing  work  in  the  expansion  cylinder,  K 
It  then  becomes  cooled  considerably  below  zero,  and  is  conveyed 
in  a  constant  stream  amongst  the  beef  and  other  provisions  in  the 
chamber  containing  the  passengers'  food.  That  the  perfortnance 
of  work  by  the  expanding  of  the  air  is  necessary  to  the  production 
of  cold,  is  one  of  the  tirst  principles  of  the  mechanical  theory  of 
heat  discovered  by  Dr.  Joule,  and  experimented  on  by  this  great 
man  and  Sir  William  Thomson  conjointly,  more  than  thirty  years 
ago;  and  in  the  case  of  the  Bell-Coleman  machines  the  work  done 
by  the  expanding  air  is  employed  in  reducing  the  amount  of  steam 
power  which  would  otherwise  be  required  to  drive  the  machine. 
It  was,  however,  very  interesting  to  me  to  demonstrate  the  thing 
on  the  large  scale,  which  I  did  in  the  case  of  this  very  machine  by 
the  following  exi>erunent : — Instead  of  allowing  the  air,  as  usual, 
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to  expand  in  the  act  of  working  the  piston  in  the  expansion 
cylinder,  E,  I  took  the  piston  out,  so  that  the  expanding  air  could 
go  through  the  cylinder  without  doing  work  into  the  bkst  box,  D, 
and  it  was  found  that,  when  the  air-pressure  was  regulated  by  the 
throttle-valve,  V,  no  lowering  of  the  temperature  of  the  air  of  the 
blast-box  could  be  detected,  when,  at  exactly  similar  air-pressures, 
but  with  the  expansion  taking  place  in  the  act  of  doing  the  work 
of  propelling  the  piston,  fully  60  degrees  reduction  of  temperature 
occurred.  The  air  pressure  at  which  the  experiment  could  be 
made  was  less  than  the  normal  working  pressure  of  the  machine, 
owing  to  the  crank  shaft  being  deprived  of  the  assistance  of  the 
expansion  cylinder. 

It  will  be  intei-esting  to  remind  you  that  Sir  William  Thomson, 
who  was  great  in  thermo-dynamics  as  he  has  since  been  in 
electrical  science,  i-ead  a  paper  to  this  very  Society  so  far  back 
as  1852,  in  which  he  described  the  principles  upon  which  cold-air 
machines  should  be  constructed,  and  it  has  been  a  source  of  great 
gratification  to  him  that  the  engineering  of  the  matter  has  turned 
out  so  successfully. 

Many  attempts  wei*e  made  by  engineers  to  constmct  cold-air 
machines,  between  the  reading  of  Sir  Wm.  Thomson's  paper  and 
the  construction  of  the  first  Bell-Coleman  machine  in  1879,  but 
they  were  all  baffled  by  matters  of  detail,  more  especially  in  regard 
to  the  presence  of  aqueous  vapour  in  atmospheric  air,  the  dealing 
with  which  has  been  the  subject  of  the  inventions  which  bear  my 
name  and  those  of  my  partners. 

The  piinciples  which  are  involved  in  the  practical  construction 
of  these  uiachines  were  summarised  by  me  in  my  paper  to  the 
Institution  of  Engineers  as  follows : — 

1.  That  atmospheric  air  is  really  a  mixture  of  aqueous  vapour 
and  air,  and  that  when  such  mixture  is  compressed  into  pipes 
surrounded  externally  by  water  of  the  same  temperature  as  the 
air  before  compression,  the  invisible  vapour  of  the  air  becomes 
condensed  in  the  direct  ratio  of  the  compression,  in  vii-tue  of  the 
law  of  physics  demonstrated  by  Dalton,  and  expressed  by  the 
statement  that  a  cubic  foot  of  air  in  contact  with  water  contains 
exactly  the  same  weight  of  vapour,  whatever  may  be  the  density 
of  the  air.  If  the  density  is  iuci-eased,  the  vapour  liquefies — if  it 
is  diminished,  water  evapomtes  into  tlie  air. 

2.  Compressed  atmospheric  air  of  usual  humidity  is  not  therefore 
made  wetter  by  injection  of  water,  provided  the  surplus  water  is 
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run  off  continuously  by  automatic  traps,  air  being  actually  dried 
by  compressing  it  in  contact  with  water,  removing  the  water  and 
expanding  it. 

3.  Direct  injection  is  the  quickest  and  most  effective  method  of 
cooling  air  to  the  temperature  of  the  water,  which  is  a  condition 
necessary  to  the  working  of  a  machine  with  the  least  expenditure 
of  i)0wer. 

4.  Injection  of  a  shower  of  water  into  freshly-compressed  air 
tends  to  settle  the  fog  caused  by  the  sudden  condensation  of  the 
invisible  atmospheric  vapour,  thus  facilitating  its  removal  by 
traps. 

5.  That  whilst  the  direct  injection  of  water  is  desirable  for  cool- 
ing the  air  to  the  temperature  of  the  water,  it  is  not  absolutely 
essential,  if  the  compressed  air  be  passed  through  a  sufficient 
number  of  pipes  surrounded  by  cooling  water,  the  ultimate  result 
in  either  case  being  that  the  compi-essed  air  can  only  be  reduced 
to  the  temperature  of  the  water,  which  is  not  sufficient  to  liquefy 
the  vapour  usually  contained  in  the. air,  except  the  air  pressures 
employed  be  excessively  high — which  is  fatal,  according  to 
the  first  piinciples  of  tliermo-dynamics,  for  working  a  machine 
economically. 

6.  That  every  lb.  of  vapour  unnecessarily  condensed  liberates  as 
much  heat  as  will  raise  about  four  thousand  times  its  weight  of 
air  V  Fahrenheit,  and  that  air  absolutely  dry  is  a  condition  that 
would  abstract  the  fluids  of  animal  tissue,  and  indeed  is  a  phe< 
nomenon  unknown  in  nature,  the  degree  of  humidity  being 
generally  over  50",  even  in  what  Ls,  in  common  parlance,  called 
"  dry  air.  ' 

7.  That  a  convenient  way  of  liquefying  such  vapour  is  to  apply 
a  portion  of  the  cold  air  produced  by  the  machine  to  the  external 
surface  of  the  pipes  or  other  vessels  conveying  the  compressed  air 
already  cooled  by  water  to  the  cylinder  in  which  it  is  to  be 
expanded,  the  liquid  condensed  in  this  way  being  removed  by 
automatic  traps. 

Still  dealing  with  machines  intended  for  ships'  provisions,  I  will 
direct  your  attention  to  Fig.  4,  which  represents  in  plan  and 
elevation  a  machine  which  was  exhibited  at  the  Naval  Exhibition 
in  full  working  order  last  May,  and  which  pattern  has  been 
adopted  for  the  largest  steamship  afloat,  the  Citj/  of  Borne,  and 
for  the  new  steamer,  Normaiidiej  of  the  Compagnie  Transatlantique 
Gen  ^  rale  of  Havre. 
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The  air  is  compressed  in  the  air-pump,  P,  deprived  of  its  heat 
by  compression  in  the  tower,  T,  passes  through  the  horizontal 
moisture-depositing  pipes  packed  in  the  sole-plate,  and  is  finally 
expanded  in  the  act  of  doing  work  in  the  cylinder,  E,  from  whence 
it  is  conveyed  round  the  outside  of  the  metallic  cells  containing 
the  water  required  to  be  frozen  for  table  use,  and  then  is  delivered 
into  the  -chamber  containing  the  meat  and  provisions.  The  length 
of  this  machine  is  12  feet,  its  breadth  at  the  point  P  is  3  feet,  and 
at  the  point  E  is  4  feet,  and  its  height  is  such  that  it  will  go 
'tween  decks  of  any  vessel.  Its  best  position  is  adjoining  the 
main  engine-room,  but  as  the  stewards'  departments  are  frequently 
elsewhere,  the  machine  is  sometimes  placed  on  the  upper  deck,  or 
in  the  position  usually  occupied  by  the  old  ice-house.  The  air 
delivered  by  these  machines  is  so  dry,  as  well  as  cold,  that  calico 
or  paper  hung  up  in  it  ignites  readily  on  application  of  a  flame, 
so  that  the  provisions  are  prevented  from  getting  into  the  slimy 
condition  which  they  assume  when  packed  in  ice.  The  provision- 
room  of  a  large  steamship  measures  internally  perhaps  2,000  cubic 
feet,  including  the  space  necessary  for  storing  the  wines,  salt  meat 
tanks,  etc.  This  pattern  of  machine  is  proving  a  very  useful  one 
in  another  direction,  for,  by  arrangement  with  Messrs.  Orossley 
Bros.,  the  makers  of  the  Otto  gas  engines,  they  aie  being  con- 
structed to  be  driven  by  gas  instead  of  by  steam.  The  air-pump 
in  this  new  machine  is  placed  in  the  position  of  steam  cylinder, 
Fig.  4,  and  the  gas  motor  cylinder  takes  the  place  of  the  air- 
pump,  P,  on  same  diagram.  Such  machines  affording  a  cooling 
power  equal  to  what  could  be  obtained  by  the  use  of  half  a  ton  or  a 
ton  of  ice  per  day,  are  now  being  made  for  retail  shops,  coimtry 
mansions,  etc. 

Turning  now  to  diagram  3  you  have  the  favourite  type  of 
machine  for  doing  work  on  a  large  scale.  In  this  case  there 
are  two  air-compressors,  one  being  attached  to  piston-rod  of  steam 
cylinder  and  the  other  to  piston-rod  of  expansion  cylinder.  A 
large  number  of  these  machines  have  been  constructed  as  follows : — 
Each  aii*-pump  is  16  inches  diameter  and  2  feet  stroke;  the  steam 
cylinder  is  18  inches  diameter  and  2  feet  stroke;  and  the  expansion 
cylinder  17  inches  diameter  and  2  feet  stroke. 

Such  machines  are  large  enough  to  carry  600  cattle  divided  into 
quarters,  and  to  keep  the  same  within  two  degrees  of  the  freezing- 
point  of  meat,  in  the  Atlantic  traffic.  Both  machine  and  cattle 
can  be  packed  in  the  'tween  decks  of  a  steamer  of  say  100  feet 
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long,  40  feet  wide,  and  6  feet  bigh,  of  which  the  machine  will 
occupy  7^  per  cent.  Cargoes  of  this  kind  arrive  in  Glasgow  every 
week. 

Still  larger  machines  have  been  used  for  the  bringing  of  frozen 
meat  from  Australia  and  New  Zealand,  and  in  which  the  com- 
pressors measure  21  inches  diameter  and  2  feet  stroke. 

On  diagram  5  is  a  section  of  one  of  Messrs.  Patrick  Hender- 
son &  Co.'s  ships  fitted  up,  the  end  view  of  the  engine  appearing 
in  top  left  hand  corner,  and  the  space  cooled  being  not  only  the 
'tween  decks,  but  the  lower  hold  of  the  forward  half  of  the  vessel. 

This  vessel  is  a  sailing  vessel,  called  the  Bunedin,  which 
recently  brought  175  tons  of  mutton  from  New  Zealand,  kept  in 
a  frozen  state  during  the  whole  voyage  of  98  days,  the  meat 
having  been  shipped  by  the  New  Zealand  and  Australian  Land 
Co.,  Limited ;  and,  in  a  book  of  information  i-ecently  published  by 
the  able  genei-al  manager  of  this  company,  W.  S.  Davidson, 
of  Edinburgh,  is  to  be  found  the  following  description  of  the 
shipment : — 

The  sheep  were  killed  on  the  Company's  Totaro  estate,  and 
were  conveyed  about  sixty  miles  in  ventilated  railway  vans,  to 
the  ship's  side,  where  they  were  hung  up  on  hooks  in  the 
refrigerating  chamber  until  stiff  with  frost,  after  which  they 
were  put  in  calico  bags  and  passed  into  the  lower  chamber,  where 
a  temperature  of  10'  below  zero  soon  made  them  as  hard  as 
wood,  and  ready  to  be  stowed  away  in  layers  as  close  as  they 
could  be  packed.  Loading  commenced  in  January,  1882,  and 
within  a  month  the  shipment  of  4,909  carcases  of  sheep  and  22 
pigs  were  all  safely  stowed  away,  hard  frozen.  The  Dunedin 
sailed  from  Port  Chalmers  on  the  15th  February,  1882,  and 
arrived  at  the  London  Docks  after  a  long  passage  of  98  days. 
Notwithstanding  this,  and  the  exceptionally  hot  weather  en- 
countered in  the  tropics,  where  the  vessel  was  becalmed  for  a  long 
time,  the  meat  arrived  in  splendid  condition,  and  within  a 
fortnight  the  whole  was  disposed  of  at  satisfactory  prices. 

The  Smithfield  salesmen  were  much  surprised  at  the  quality 
and  condition  of  the  sheep,  and  in  fact  every  one  who  saw  them 
admired  them  very  much.  As  specimens  of  what  the  country  is 
capable  of,  some  30  large  sheep,  weighing  from  140  to  162  lbs. 
each,  were  sent.  Not  only  was  the  experiment  a  thorough  success 
from  a  scientific  point  of  view,  but  it  was  also  very  satisfactory 
financially  speaking. 
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Altogether  they  brought       ....     £8,009  14  3 
The  charges  were — 

Calico  for  bags,       .       .        £91    8  9 
Keeping  meat  frozen  after 

arrival  in  the  Docks,  43  1 1  9 

Freight,  ....  2,779  9  5 
Insurance,       .  .        414  13  9 

Other  expenses  of  discharging, 
carriage  to  Smithfield,  &c.,    463  18  8 

  3,793   2  4 

£4,216  11  11 

Netting  3  •23d.  per  lb.  for  the  sheep. 

Although  many  of  the  carcases  had  been  frozen  four  months, 
they  were  bright  and  clean-looking  as  newly-killed  mutton. 

The  vessel  Ditnedin  has  gone  out  again  to  New  Zealand, 
together  with  a  sister  ship  of  the  same  line,  called  the  Lady 
Jocelyriy  fitted  up  with  the  same-sized  machines,  the  quantity  of 
meat  to  be  increased  to  250  tons  or  thereabouts  for  each  vessel. 

In  the  case  of  the  steamships  of  the  Orient  Line  and  other 
steamers,  the  cold  chambers  for  containing  the  meat  have  been 
constructed  in  the  'tween  decks  of  the  ship,  so  that  their  form 
varies ;  but  the  method  of  building  them  consists  of  lining  the 
walls,  the  floor,  and  the  roof  of  the  meat-chamber  with  wood-work 
containing  hollow  spaces  filled  with  wood,  charcoal,  or  shavings. 
It  is  found  that  7  inches  thick  of  such  lining  forms  very  fair  insu- 
lation ;  but,  in  the  case  of  tropical  ships,  it  is  frequently  made  10 
or  12  inches  thick.  It  is  also  found  that  the  larger  the  quantity 
of  meat  brought  over,  the  more  economically  can  the  work  be  done. 
Thus  the  piime  cost  of  the  machinery  for  carrying  a  pound  of  meat 
is  25  per  cent,  less  when  a  ship  is  fitted  up  to  carry  1,000  tons 
instead  of  500  tons,  and  there  is  a  further  gain  of  10  per  cent,  in 
the  less  packing  space  required. 

A  large-sized  steamship,  costing  say  ,£100,000,  could  have  its 
entire  cargo  space  refrigerated  by  machinery  costing  about  £10,000, 
so  that  it  may  be  safely  assumed  that  any  big  ship  could  be 
adapted  to  carry  a  frozen  instead  of  an  ordinary  cargo  at  an  in- 
crease on  the  prime  cost  of  10  per  cent,  or  15  per  cent. ;  and  this 
is  the  proper  way  of  looking  at  it,  because  the  machinery  is  as 
solid  and  substantial  as  the  vessel's  engines. 

The  largest  machine  which  I  have  been  connected  with  is  one 
constructed  for  land  purposes,  and  which  was  sent  out  to  Sydney 
some  months  ago,  after  being  tried  in  the  shops.    Its  erection  is 
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now  completed,  and  the  diagram  on  the  walls  shows  the  nature  of 
the  building  which  it  is  employed  in  cooling,  the  floor  area  of 
which  is  80  feet  by  100  feet. 

The  floor  of  this  room  is  constructed  of  concrete,  upon  which 
are  bedded  3-inch  planks  by  means  of  asphalt  The  sides  of  this 
room  are  of  masonry,  but  the  inside  is  lined  with  several  inches  of 
thin  boards,  an  air  space  of  an  inch  or  two  being  left  between  each 
layer  of  boards;  the  ceiling  is  covered  a  foot  deep  with  sawdust, 
and  over  that  the  usual  rafters  of  a  double  lean-to  roof. 

It  has  been  designed  for  cooling  the  whole  of  the  meat  supply  of 
Sydney  to  40'  in  the  height  of  summer,  the  air  then  being  above 
blood  lieat,  and  prevents  the  stifiening  of  the  meat  we  are 
accustomed  to  in  this  country  called  "  Rigor  mortis,"  and  without 
which  the  meat  decomposes  in  twelve  houi-s. 

The  machinery  supplied  to  do  this  work  consisted  of  a  pair  of 
air-compressers  of  24  inches  diameter  and  3  feet  stroke,  an  expan- 
sion cylinder  of  25 J  inches  diameter,  and  a  steam  cylinder  of  27 
inches  diameter  and  3  feet  stroke,  and  the  whole  work  has  been 
done  under  the  superintendence  of  the  London  consulting  engineer 
of  tho  colony,  Mr.  John  Fowler,  C.E.,  of  Forth  Bridge  celebrity, 
and  under  the  inspection  in  the  colony  of  the  Government  engineer 
there.  The  official  trial  has  lately  taken  place,  when  the  machine  run 
for  thirty  days,  and  it  was  found  that  the  air  discharged  fresh  from 
the  machine  registered  as  low  as  105"  below  zero  Fahr. — that  is,  its 
temperature  was  137^  below  freezing  point  registered  with  an 
alcohol  thermometer,  as  mercury  itself  freezes  something  like  40" 
below  zero.  This  very  low  temperature  is  fully  50**  below  the 
lowest  temperature  that  has  ever  been  recorded  by  any  navigator 
in  the  Arctic  regions;  but  it  is  not  the  limit  of  these  machines,  as 
by  increasing  the  working  pressure  of  the  aii',  or,  in  other  words, 
the  degree  of  compression  of  the  air,  which,  with  the  Sydney 
machine,  was  45  lbs.  per  square  inch,  still  lower  temperatures  can 
be  obtained. 

The  lowest  tempemtures  which  have  been  obtained  in  scientific 
laboratories  has  been  about  200"  below  zero,  but  it  is  believed 
that  before  4G0"  below  zero  is  reache<1,  all  known  gaseous  matters 
would  be  absolutely  solid. 

The  fact  of  air  being  so  excessively  low  in  temperature  when 
first  liberated  from  the  machine  does  not  in  any  way  interfere  with 
keeping  a  regular  temperature  in  the  cold  chambers — in  fact  a 
temperature  so  regular  that  nothing  even  in  the  most  equable 
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climate  can  possibly  be  compared  to  it.  An  examination  of 
thousands  of  recorded  observations  of  the  Bell-Coleman  machines 
traversing  the  Atlantic  show  that  the  temperature  of  the  chambers 
does  not  vary  3®  during  a  voyage,  being  much  less  variation  than 
the  difference  between  the  hours  of  mom  and  even  of  any  ordinary 
winter  day. 

This  even  temperature  is  maintained  by  distributing  the  cold 
air  by  pipes  carried  along  the  top  comers  or  roof  of  the  chamber, 
and  having  outlets  at  regular  intervals,  the  velocity  or  flow  of  the 
air  being  regulated  by  the  speed  at  which  the  machine  is  worked. 
There  is  no  big  blast  or  curi-ent  of  air  perceptible  at  these  outlets, 
the  cold  air  tranquilly  displacing  the  warmer  atmosphere  as  easily 
as  cold  winter  air  permeates  through  the  chinks  of  windows  and 
doors  of  a  sitting  or  drawing  room,  and  the  atmosphere  is  no 
more  disturbed  than  in  such  cases.  It  follows  from  this  that  a 
chamber  can  be  kept  at  any  temperature  deemed  desirable — thus, 
20°  Fahr.  is  thought  a  very  desirable  temperature  for  bringing 
meat  long  distances  across  the  tropics,  28**  Fahr.  is  thought  de- 
sirable for  bringing  meat  from  America,  and  40°  Fahr.  for  pre- 
serving town  meat  in  public  abbatoirs;  whereas  in  India  the 
temperature  required  for  sitting  rooms  is  perhaps  70°  or  80°  Fahr. 
There  is  no  difficulty  in  meeting  any  of  these  conditions ;  and,  in 
regard  to  India,  I  give  you  a  calculation  I  submitted  to  the  Insti- 
titution  of  Civil  Engineers.  As  regards  public  buildings,  hospitals, 
etc.,  experience  has  demonstrated  tlfet  machines  of  sufficient  power 
to  cool  100,000  cubic  feet  of  air  per  hour,  through  a  range  of  150°, 
can  be  worked  with  a  steam  cylinder  indicating  100  to  150  h.p. 
by  the  consumption  of  one-fifth  of  a  ton  of  coal  an  hour.  The 
attendance  upon  such  a  machine  would  not  cost  more  than  Is.  6d. 
per  hour,  the  lubrication  6d.,  and  the  interest  on  capital,  say,  Is. 
per  hour,  so  that  the  whole  100,000  cubic  feet  of  air  could  not 
cost  more  than,  say,  8s.  4d. ;  but  being  so  excessively  cold,  it 
could  be  mixed  with  400,000  cubic  feet  of  uncooled  air,  and  this 
would  then  give  a  supply  of  air  per  hour  to  1,000  people,  at  the 
rate  of  500  cubic  feet  per  head  per  hour,  cooled  30°  below  the  ex- 
ternal atmosphere — a  very  excellent  ventilation  at  the  cost  of 
one- tenth  of  a  penny  per  head.  Whilst  on  this  subject  of  figures, 
it  may  be  interesting  to  state  that  the  cost  of  cooling  the  meat 
in  the  Sydney  abbatoir  has  been  calculated  to  be  ^th  of  a  penny 
per  lb.  of  meat  cooled  per  day,  allowing  interest  on  money  at 
5  per  cent    and  depreciation  at  5  per  cent.,  and  the  working 
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expenses  of  the  niacbine.  And  in  further  reference  to  this  subject, 
Messrs.  Hennicke  <k  Goos,  civil  engineers  of  Hamburg,  Germany, 
have  recently  published  some  figures  relating  to  powerful  Bell- 
Coleman  machinery  erected  at  the  abbatoirs  of  Mr.  Koopman,  who 
supplies  large  quantities  of  breakfast  bacon  for  the  London 
markets. 

To  measure  accurately  the  work  being  done  by  a  cold-air  machine 
it  becomes  necessary  to  tiike  observations — 1°  of  the  horse-power 
being  exerted  by  the  steam  cylinder,  2**  of  the  temperature  of  the 
compressed  air  previous  to  expansion,  3"  of  its  temperature 
immediately  after  expansion,  4**  of  the  terminal  pressure  of  the  air 
of  the  expansion  cylinder,  as  read  off  an  indicator  card.  The 
calculation  presupposes  that  the  compressed  air  has  been  cooled  to 
the  temperature  of  the  water  available  for  cooling  it,  and  it  is  then 
as  follows  : — First,  to  arrive  at  the  weight  of  a  cubic  foot  of  air  at 
the  end  of  the  stroke,  let 

W  =  weight  of  cubic  foot  of  air  in  lbs.  avoirdupois. 

P  =  pressure  of  air  in  lbs.  absolute  per  square  inch  as  read  off  an 

indicator  card  taken  of  expansion  cylinder. 
T  =  the  absolute  temperature  in  degrees  of  Fahr.  at  the  moment  of 

discharge. 

Then      W  =  llii^ 

Having  now  ascertained  the  weight  of  a  cubic  foot  of  air,  it  merely 
remains  to  multiply  it  by  the  number  of  cubic  feet  swept  out  of 
the  cylinder  in  a  given  time,  say  one  hour,  then  by  the  specific 
heat  of  air,  and  the  weight  of  water  is  arrived  at  which  could  be 
cooled  through  the  same  range  as  the  air  has  been  cooled.  This  can 
then  be  calculated  as  heat  units. 
The  formula  now  becomes 

w  =      X  S  X  R,  in  which 

Li 

W  =  weight  of  air  discharged  per  hour. 
S    =  specific  heat  of  air  (0*23). 
R    =  range  of  cooling  in  degrees  Fahr. 
L    =•  latent  heat  of  ice. 

w    —  lbs.  ice  at  32°  produced  from  water  at  32°  per  hour. 

Returning,  however,  to  oceanic  food  refrigeration,  which  is  no 
doubt  the  most  important  application  of  refrigerating  machinery 
that  we  are  acquainted  with,  it  seems  abundantly  clear  that  when 
once  meat  is  frozen  it  will  keep  indefinitely,  and  when  thawed  it 
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is  practically  in  the  same  state  as  at  the  moment  before  freezing — 
that  is,  if  the  thawing  takes  place  in  a  dry  atmosphere — otherwise 
the  aqueous  vapour  contained  in  the  warm  air  into  which  the 
meat  is  immersed  for  thawing  precipitates  upon  the  surface  of  the 
meat  as  moisture,  just  as  dew  precipitates  upon  grass  or  shinibs 
cooled  by  radiation  into  space  during  the  night  time. 

There  has  been  about '4,000  tons  of  Australian  and  New  Zealand 
frozen  meat  delivered  into  Great  Britain  by  means  of  cold  air 
machines  up  to  the  present  date. 

On  the  authority  of  Sir  Francis  Dillon  Bell,  who  read  an  inte- 
resting paper  recently  to  the  Royal  Colonial  Institute  on  the 
resources  of  the  Australian  Colonies,  it  is  claimed  that  Australia 
and  New  Zealand  could  export  to  England  1,000  tons  of  meat 
daily,  and  maintain  this  ad  libitum.  This  statement  of  Sir  Francis 
is  probably  correct,  when  we  bear  in  mind  their  extraordinary  rapid 
rate  of  development. 

It  appears  that  the  commerce  of  Australasia  is  now  of  the  value 
of  £100,000,000  annually,  an  amount  equal  to  the  whole  com- 
merce of  the  United  Kingdom  at  the  accession  of  Queen  Victoria. 

In  these  far-off  countries  they  have  spent  £56,000,000  in 
railways,  which  are  ready  to  bring  some  of  the  65,000,000 
sheep,  or  8,000,000  of  cattle,  they  possess  to  their  splendid  sea- 
ports. The  question  of  making  arrangements,  however,  for  the 
importing  into  this  country  of  such  a  quantity  as  1,000  tons  a-day 
is  a  very  serious  one. 

As  one  ton  dead  weight  of  meat  requires  1 20  cubic  feet  gross 
of  space  in  a  ship,  the  whole  of  the  steamers  that  were  built  in 
the  United  Kingdom  during  the  last  12  months  would  not  be  too 
much  for  carrying  it,  supposing  they  were  all  put  upon  tbe  traffic. 
These  steamers  were  474  in  number  and  343,361  in  tonnage;  or, 
to  put  it  in  another  way,  supposing  all  the  steamers  of  the  Cunard, 
the  Anchor,  the  Guion,  the  State,  the  Inman,  the  National,  and 
the  White  Star  Lines,  which  usually  carry  passengers  to  New 
York,  were  put  on  this  trade,  they  couldn't  bring  over  this  quan- 
tity of  meat,  and  there  would  be  the  very  awkward  question  as  to 
the  kind  of  cargo  tliey  could  carry  on  the  outward  voyage. 

The  metropolitan  meat  markets  in  London  are  said  to  get 
through  about  a  thousand  tons  of  meat  per  day,  and  the  average 
consumption  of  meat  per  head  in  the  United  Kingdom  is  stated, 
in  M^Culloch's  "  Commercial  Dictionary,"  to  be  about  100  lbs. 
per  head  per  annum,  so  that  we  may  fairly  conclude  the  total 
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consumption  of  meat  in  the  United  Kingdom  is  something  between 
3,000  and  5,000  tons  i)er  day. 

On  the  other  hand,  according  to  the  Board  of  Trade  agricul- 
tural returns  in  the  year  1874,  we  had  30,000,000  of  sheep  in  the 
United  Kingdom.  They  have  now  diminished  to  24,000,000,  and 
the  amount  of  cattle  has  been  stationary  for  some  time,  whilst  our 
population  has  been  increasing  at  the  rate  of  10  per  cent,  per 
decade.  At  the  same  time,  however,  we  have  been  importing,  and 
that  largely. 

A  writer  in  the  London  Times,  who  went  at  length  into  the 
subject  recently,  stated  that  America  contributes  about  15  per 
cent,  of  the  total  animal  food  consumed ;  and  it  is  well  known  that 
very  large  supplies  come  from  Dutch,  Spanish,  and  other  European 
ports.  Another  writer  of  authority  in  the  European  Mail  of  the 
1st  December,  1882,  goes  so  far  as  to  state  that  we  import  fully 
2,000  tons  a-day  already  from  various  parts  of  the  world ;  but  I 
feel  doubtful  about  this.  Taking  these  things  into  consideration, 
we  may  be  thankful  for  the  supplies  from  the  colonies  indicated 
by  Sir  Francis ;  but  to  all  appearances,  and  putting  in  all  the 
energy  available,  it  must  be  the  work  of  years  before  they  can  be 
available. 

Meanwhile  we  have  to  depend  very  much  upon  America,  the 
meat  supplies  of  which  were  t^jmporarily  deranged  during  the  late 
summer  months.  The  laws  of  supply  and  demand  are,  however, 
bringing  cattle  again  in  vast  numbers  from  their  central  and 
western  cattle  ranches  to  their  seaboard,  the  excellent  shipping 
facilities  of  which  will,  no  doubt,  be  the  chief  source  of  our  supply 
of  cheap  meat  for  a  long  time. 

The  history  of  mechanical  refrigeration  shows  how,  to  use  the 
words  of  Sir  Frederick  Bramwell,  the  utmost  seci-ets  of  thermo- 
dynamics are  applied  to  practical  purposes — secrets,  many  of 
which  have  been  made  known  by  Glasgow  men,  and  some  of  them 
distinguished  members  of  this  Society,  amongst  whom  may  be 
mentioned  James  Black,  James  Prescott  Joule,  W.  Macquom 
Rankinc,  and  Sir  Wm.  Thomson. 
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3  feet  ijooms  cooled  measure  internally  100  feet  x  80  feet  x  10  feet  6  inches,  equal  to 
(Uurcd  lytii      September  2nd  reduced  the  ^leat  room  and  maiutaiued  it  at  an  average 
iK.uia  daily. 
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run  oft'  continuously  by  automatic  traps,  air  being  actually  dried 
by  compressing  it  in  contact  with  water,  removing  the  water  and 
expanding  it. 

3.  Direct  injection  is  the  quickest  and  most  effective  method  of 
cooling  air  to  the  temperature  of  the  water,  which  is  a  condition 
necessary  to  the  working  of  a  machine  with  the  least  expenditure 
of  powei'. 

4.  Injection  of  a  shower  of  water  into  freshly-compressed  air 
tends  to  settle  the  fog  caused  by  the  sudden  condensation  of  the 
invisible  atmospheric  vapour,  thus  facilitating  its  removal  by 
traps. 

5.  That  whilst  the  dii-ect  injection  of  water  is  desirable  for  cool- 
ing the  air  to  the  temperature  of  the  water,  it  is  not  absolutely 
essential,  if  tlio  compressed  air  be  passed  through  a  sufficient 
number  of  pipes  surrounded  by  cooling  water,  the  ultimate  result 
in  either  case  being  that  the  compressed  air  can  only  be  reduced 
to  the  temperature  of  the  water,  which  is  not  sufiicient  to  liquefy 
the  vapour  usually  contained  in  the -air,  except  the  air  pressures 
employed  be  excessively  high — which  is  fatal,  according  to 
the  first  principles  of  thermo-dynamics,  for  working  a  machine 
economically. 

6.  That  every  lb.  of  vapour  unnecessarily  condensed  liberates  &s 
much  heat  as  will  raise  about  four  thousand  times  its  weight  of 
air  V  Fahrenheit,  and  that  air  absolutely  dry  is  a  condition  that 
would  abstract  the  fluids  of  animal  tissue,  and  indeed  is  a  phe- 
nomenon unknown  in  nature,  the  degree  of  humidity  being 
generally  over  50°,  even  in  what  is,  in  common  parlance,  called 
"  dry  air.  *' 

7.  That  a  convenient  way  of  liquefying  such  vapour  is  to  apply 
a  portion  of  the  cold  air  produced  by  the  machine  to  the  external 
surface  of  the  pipes  or  other  vessels  conveying  the  compressed  air 
already  cooled  by  water  to  the  cylinder  in  which  it  is  to  be 
expanded,  the  liquid  condensed  in  this  way  being  removed  by 
automatic  traps. 

Still  dealing  with  machines  intended  for  ships'  provisions,  I  will 
direct  your  attention  to  Fig.  4,  which  represents  in  plan  and 
elevation  a  machine  which  was  exhibited  at  the  Naval  Exhibition 
in  full  working  order  last  May,  and  which  pattern  has  been 
adopted  for  the  largest  steamship  afloat,  the  City  of  jRome,  and 
for  the  new  steamer,  NortnaQulie,  of  the  Compagnie  Transatlantique 
G^n^rale  of  Havre. 
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The  air  is  compressed  in  the  air-pump,  P,  deprived  of  its  heat 
by  compression  in  the  tower,  T,  passes  through  the  horizontal 
moisture-depositing  pipes  packed  in  the  sole-plate,  and  is  finally 
expanded  in  the  act  of  doing  work  in  the  cylinder,  E,  from  whence 
it  is  conveyed  round  the  outside  of  the  metallic  cells  containing 
the  water  required  to  be  frozen  for  table  use,  and  then  is  delivered 
into  the  -chamber  containing  the  meat  and  provisions.  The  length 
of  this  machine  is  12  feet,  its  breadth  at  the  point  P  is  3  feet,  and 
at  the  point  E  is  4  feet,  and  its  height  is  such  that  it  will  go 
'tween  decks  of  any  vessel.  Its  best  position  is  adjoining  the 
main  engine-room,  but  as  the  stewards'  departments  are  frequently 
elsewhere,  the  machine  is  sometimes  placed  on  the  upper  deck,  or 
in  the  position  usually  occupied  by  the  old  ice-house.  The  air 
delivered  by  these  machines  is  so  dry,  as  well  as  cold,  that  calico 
or  paper  hung  up  in  it  ignites  readily  on  application  of  a  flame, 
so  that  the  provisions  are  prevented  from  getting  into  the  slimy 
condition  which  they  assume  when  packed  in  ice.  The  provision- 
room  of  a  large  steamship  measures  internally  perhaps  2,000  cubic 
feet,  including  the  space  necessary  for  storing  the  wines,  salt  meat 
tanks,  etc.  This  pattern  of  machine  is  proving  a  very  useful  one 
in  another  direction,  for,  by  arrangement  with  Messrs.  Orossley 
Bros.,  the  makers  of  the  Otto  gas  engines,  they  are  being  con- 
structed to  be  driven  by  gas  instead  of  by  steam.  The  air-pump 
in  this  new  machine  is  placed  in  the  position  of  steam  cylinder, 
Fig.  4,  and  the  gas  motor  cylinder  takes  the  place  of  the  air- 
pump,  P,  on  same  diagram.  Such  machines  affording  a  coob'ng 
power  equal  to  what  could  be  obtained  by  the  use  of  half  a  ton  or  a 
ton  of  ice  per  day,  are  now  being  made  for  retail  shops,  coimtry 
mansions,  etc. 

Turning  now  to  diagram  3  you  have  the  favourite  type  of 
machine  for  doing  work  on  a  large  scale.  In  this  case  there 
are  two  air-compressors,  one  being  attached  to  piston-rod  of  steam 
cylinder  and  the  other  to  piston-rod  of  expansion  cylinder.  A 
large  number  of  these  machines  have  been  constructed  as  follows : — 
Each  air-pump  is  16  inches  diameter  and  2  feet  stroke;  the  steam 
cylinder  is  18  inches  diameter  and  2  feet  stroke;  and  the  expansion 
cylinder  17  inches  diameter  and  2  feet  stroke. 

Such  machines  are  large  enough  to  carry  600  cattle  divided  into 
quarters,  and  to  keep  the  same  within  two  degrees  of  the  freezing- 
point  of  meat,  in  the  Atlantic  traffic.  Both  machine  and  cattle 
can  be  packed  in  the  'tween  decks  of  a  steamer  of  say  100  feet 
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long,  40  feet  wide,  and  6  feet  bigh,  of  which  the  machine  will 
occupy  7|  per  cent.  Cargoes  of  this  kind  arrive  in  Glasgow  every 
week. 

Still  larger  machines  have  been  used  for  the  bringing  of  frozen 
meat  from  Australia  and  New  Zealand,  and  in  which  the  com- 
pressors measure  21  inches  diameter  and  2  feet  stroke. 

On  diagram  5  is  a  section  of  one  of  Messrs.  Patrick  Hender- 
son &  Co.'s  ships  fitted  up,  the  end  view  of  the  engine  appearing 
in  top  left  hand  corner,  and  the  space  cooled  being  not  only  the 
'tween  decks,  but  the  lower  hold  of  the  forward  half  of  the  vessel. 

This  vessel  is  a  sailing  vessel,  called  the  Duiiedin^  which 
recently  brought  175  tons  of  mutton  from  New  Zealand,  kept  in 
a  frozen  state  during  the  whole  voyage  of  98  days,  the  meat 
having  been  shipped  by  the  New  Zealand  and  Australian  Land 
Co.,  Limited ;  and,  in  a  book  of  information  recently  published  by 
the  able  general  manager  of  this  company,  W.  S.  Davidson,  Esq., 
of  Edinburgh,  is  to  bo  found  the  following  description  of  the 
shipment : — 

The  sheep  were  killed  on  the  Company's  Totiivo  estate,  and 
were  conveyed  about  sixty  miles  in  ventilated  i-ailway  vans,  to 
the  ship's  side,  where  they  were  hung  up  on  hooks  in  the 
refrigerating  chamber  until  stiff  with  frost,  after  which  they 
were  put  in  calico  bags  and  passed  into  the  lower  chamber,  where 
a  temperature  of  10^  below  zero  soon  made  them  as  hard  as 
wood,  and  ready  to  be  stowed  away  in  layers  as  close  as  they 
could  be  packed.  Loading  commenced  in  January,  1882,  and 
within  a  month  the  shipment  of  4,909  carcases  of  sheep  and  22 
pigs  were  all  safely  stowed  away,  hard  frozen.  The  Duiiedin 
sailed  from  Poi-t  Chalmers  on  the  15th  February,  1882,  and 
arrived  at  the  London  Docks  after  a  long  passage  of  98  days. 
Notwithstanding  this,  and  the  exceptionally  hot  weather  en- 
countered in  the  tropics,  where  the  vessel  was  becalmed  for  a  long 
time,  the  meat  amved  in  splendid  condition,  and  within  a 
fortnight  the  whole  was  disposed  of  at  satisfactory  prices. 

The  Smithfield  salesmen  were  much  surprised  at  the  quality 
and  condition  of  the  sheep,  and  in  fact  every  one  who  saw  them 
admired  them  very  much.  As  specimens  of  what  the  country  is 
capable  of,  some  30  large  sheep,  weighing  from  140  to  162  lbs. 
each,  were  sent.  Not  only  was  the  experiment  a  thorough  success 
from  a  scientific  point  of  view,  but  it  was  also  very  satisfactory 
financially  speaking. 
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Altogether  they  brought       ....     £8,009  14  3 
The  charges  were — 

Calico  for  bags,  £91    8  9 

Keeping  meat  frozen  after 

arrival  in  the  Docks,    .  43  11  9 

Freight,  ....  2,779  9  5 
Insurance,  .        414  13  9 

Other  expenses  of  discharging, 
carriage  to  Smithfield,  &c.,    463  18  8 

  3,793   2  4 

£4,216  11  11 

Netting  3  •23d.  per  lb.  for  the  sheep. 

Although  many  of  the  carcases  had  been  frozen  four  months, 
they  were  bright  and  clean-looking  as  newly-killed  mutton. 

The  vessel  Dunedin  has  gone  out  again  to  New  Zealand, 
together  with  a  sister  ship  of  the  same  line,  called  the  Lady 
Jocelyn^  fitted  up  with  the  same-sized  machines,  the  quantity  of 
meat  to  be  increased  to  260  tons  or  thereabouts  for  each  vessel. 

In  the  case  of  the  steamships  of  the  Orient  Line  and  other 
steamers,  the  cold  chambers  for  containing  the  meat  have  been 
constructed  in  the  'tween  decks  of  the  ship,  so  that  their  form 
varies ;  but  the  method  of  building  them  consists  of  lining  the 
walls,  the  floor,  and  the  roof  of  the  meat-chamber  with  wood-work 
containing  hollow  spaces  filled  with  wood,  charcoal,  or  shavings. 
It  is  found  that  7  inches  thick  of  such  lining  forms  very  fair  insu- 
lation ;  but,  in  the  case  of  tropical  ships,  it  is  frequently  made  10 
or  12  inches  thick.  It  is  also  found  that  the  larger  the  quantity 
of  meat  brought  over,  the  more  economically  can  the  work  be  done. 
Thus  the  prime  cost  of  the  machinery  for  carrying  a  pound  of  meat 
is  25  per  cent,  less  when  a  ship  is  fitted  up  to  carry  1,000  tons 
instead  of  500  tons,  and  there  is  a  further  gain  of  10  per  cent,  in 
the  less  packing  space  required. 

A  large-sized  steamship,  costing  say  £100,000,  could  have  its 
entire  cargo  space  refrigerated  by  machinery  costing  about  £10,000, 
so  that  it  may  be  safely  assumed  that  any  big  ship  could  be 
adapted  to  carry  a  frozen  instead  of  an  ordinary  cargo  at  an  in- 
crease on  the  prime  cost  of  10  per  cent,  or  15  per  cent. ;  and  this 
is  the  proper  way  of  looking  at  it,  because  the  machinery  is  as 
solid  and  substantial  as  the  vessel's  engines. 

The  largest  machine  which  I  have  been  connected  with  is  one 
constructed  for  land  purposes,  and  which  was  sent  out  to  Sydney 
some  months  ago,  after  being  tried  in  the  shops.    Its  erection  is 


94 


Philosophical  Society  of  Glasgow, 


now  completed,  and  the  diagram  on  the  walls  shows  the  nature  of 
the  building  which  it  is  employed  in  cooling,  the  floor  area  of 
which  is  80  feet  by  100  feet. 

The  floor  of  this  room  is  constructed  of  concrete,  upon  which 
are  bedded  3-inch  planks  by  means  of  asphalt.  The  sides  of  thut 
room  are  of  masonry,  but  the  inside  is  lined  with  several  inches  of 
thin  boards,  an  air  space  of  an  inch  or  two  being  left  between  each 
layer  of  boards;  the  ceiling  is  covered  a  foot  deep  with  sawdust, 
and  over  that  the  usual  rafters  of  a  double  lean-to  roof. 

It  has  been  designed  for  cooling  the  whole  of  the  meat  supply  of 
Sydney  to  40'  in  the  height  of  summer,  the  aii-  then  being  above 
blood  heat,  and  prevents  the  stiflening  of  the  meat  we  are 
accustomed  to  in  this  country  called  "  Rigor  mortis,"  and  without 
which  the  meat  decomposes  in  twelve  hours. 

The  machinery  supplied  to  do  this  work  consisted  of  a  pair  of 
air-compressers  of  24  inches  diameter  and  3  feet  stroke,  an  expan- 
sion cylinder  of  25 J  inches  diameter,  and  a  steam  cylinder  of  27 
inches  diameter  and  3  feet  stroke,  and  the  whole  work  has  been 
done  under  the  superintendence  of  the  London  consulting  engineer 
of  the  colony,  Mr.  John  Fowler,  C.E.,  of  Forth  Bridge  celebrity, 
and  imder  the  inspection  in  the  colony  of  the  Government  engineer 
there.  The  official  trial  has  lately  taken  place,  when  the  machine  run 
for  thirty  days,  and  it  was  found  that  the  air  discharged  fresh  from 
the  machine  registered  as  low  as  105°  below  zero  Fahr. — that  is,  its 
temperature  was  137''  below  freezing  point  registered  with  an 
alcohol  thermometer,  as  mercury  itself  freezes  something  like  40** 
below  zero.  This  very  low  temperature  is  fully  50°  below  the 
lowest  temperature  that  has  ever  been  recorded  by  any  navigator 
in  the  Arctic  regions;  but  it  is  not  the  limit  of  these  machines,  as 
by  increasing  the  working  pressure  of  the  aii*,  or,  in  other  words, 
the  degree  of  compression  of  the  air,  which,  with  the  Sydney 
machine,  was  45  lbs.  per  square  inch,  still  lower  temperatures  can 
be  obtained. 

The  lowest  tempei-atures  which  have  been  obtained  in  scientific 
laboratories  has  been  about  200°  below  zero,  but  it  is  believed 
that  before  460°  below  zero  is  i*eached,  all  known  gaseous  matters 
would  be  absolutely  solid. 

The  fact  of  air  being  so  excessively  low  in  temperature  when 
first  liberated  from  the  machine  does  not  in  any  way  interfere  with 
keeping  a  regular  temperature  in  the  cold  chambers — in  &ct  a 
temperature  so  regular  that  nothing  even  in  the  most  equable 
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climate  can  possibly  be  compared  to  it.  An  examination  of 
thousands  of  recorded  observations  of  the  Bell-Coleman  machines 
traversing  the  Atlantic  show  that  the  temperature  of  the  chambers 
does  not  vary  3*^  during  a  voyage,  being  much  less  variation  than 
the  difference  between  the  hours  of  mom  and  even  of  any  ordinary 
winter  day. 

This  even  temperature  is  maintained  by  distributing  the  cold 
air  by  pipes  carried  along  the  top  comers  or  roof  of  the  chamber, 
and  having  outlets  at  regular  intervals,  the  velocity  or  flow  of  the 
air  being  regulated  by  the  speed  at  which  the  machine  is  wprked. 
There  is  no  big  blast  or  current  of  air  perceptible  at  these  outlets, 
the  cold  air  tranquilly  displacing  the  warmer  atmosphere  as  easily 
as  cold  winter  air  permeates  through  the  chinks  of  windows  and 
doors  of  a  sitting  or  drawing  room,  and  the  atmosphere  is  no 
more  disturbed  than  in  such  cases.  It  follows  from  this  that  a 
chamber  can  be  kept  at  any  temperature  deemed  desirable — thus, 
20°  Fahr.  is  thought  a  very  desirable  temperature  for  bringing 
meat  long  distances  across  the  tropics,  28'*  Fahr.  is  thought  de- 
sirable for  bringing  meat  from  America,  and  40**  Fahr.  for  pre- 
serving town  meat  in  public  abbatoirs;  whereas  in  India  the 
temperature  required  for  sitting  rooms  is  perhaps  70"  or  80**  Fahr. 
There  is  no  difficulty  in  meeting  any  of  these  conditions ;  and,  in 
regard  to  India,  I  give  you  a  calculation  I  submitted  to  the  Insti- 
titution  of  <Uivil  Engineers.  As  regards  public  buildings,  hospitals, 
etc.,  experience  has  demonstrated  tlfet  machines  of  sufficient  power 
to  cool  100,000  cubic  feet  of  air  per  hour,  through  a  range  of  150', 
can  be  worked  with  a  steam  cylinder  indicating  100  to  150  h.p. 
by  the  consumption  of  one-fifth  of  a  ton  of  coal  an  hour.  The 
attendance  upon  such  a  machine  would  not  cost  more  than  Is.  6d. 
per  hour,  the  lubrication  6d.,  and  the  interest  on  capital,  say,  Is. 
per  hour,  so  that  the  whole  100,000  cubic  feet  of  air  could  not 
cost  more  than,  say,  8s.  4d. ;  but  being  so  excessively  cold,  it 
could  be  mixed  with  400,000  cubic  feet  of  uncooled  air,  and  this 
would  then  give  a  supply  of  air  per  hour  to  1,000  people,  at  the 
rate  of  500  cubic  feet  per  head  per  hour,  cooled  30°  below  the  ex- 
temal  atmosphere — a  very  excellent  ventilation  at  the  cost  of 
one-tenth  of  a  penny  per  head.  Whilst  on  this  subject  of  figures, 
it  may  be  interesting  to  state  that  the  cost  of  cooling  the  meat 
in  the  Sydney  abbatoir  has  been  calculated  to  be  -^th.  of  a  penny 
per  lb.  of  meat  cooled  per  day,  allowing  interest  on  money  at 
5  i>er  cent    and  depreciation  at  5  per  cent.,  and  the  working 
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expenses  of  the  machine.  And  in  further  reference  to  this  subject, 
Messrs.  Hennicke  k  Goos,  civil  engineers  of  Hamburg,  Germany, 
have  recently  published  some  figures  relating  to  powerful  Bell- 
Coleman  machinery  erected  at  the  abbatoirs  of  Mr.  Koopman,  who 
supplies  large  quantities  of  breakfast  bacon  for  the  London 
markets. 

To  measure  accurately  the  work  being  done  by  a  cold-air  machine 
it  becomes  necessary  to  take  observations — 1°  of  the  horse-power 
being  exerted  by  the  steam  cylinder,  T  of  the  temperature  of  the 
compressed  air  previous  to  expansion,  3**  of  its  temperature 
immediately  after  expansion,  4**  of  the  terminal  pressure  of  the  aii- 
of  the  expansion  cylinder,  as  read  off  an  indicator  card.  The 
calculation  presupposes  that  the  compressed  air  has  been  cooled  to 
the  temperature  of  the  water  available  for  cooling  it,  and  it  is  then 
as  follows  : — First,  to  arrive  at  the  weight  of  a  cubic  foot  of  air  at 
the  end  of  the  stroke,  let 

W  =  weight  of  cubic  foot  of  air  in  lbs.  avoirdupois. 

P  =  pressure  of  air  in  lbs.  absolute  per  square  inch  as  read  off  an 

indicator  card  taken  of  expansion  cylinder. 
T  =  the  absolute  temperature  in  degrees  of  Fahr.  at  the  moment  of 

discharge. 

Then      V^  =  Ui^ 

Having  now  ascertained  the  weight  of  a  cubic  foot  of  air,  it  merely 
remains  to  multiply  it  by  the"  number  of  cubic  feet  swept  out  of 
the  cylinder  in  a  given  time,  say  one  hour,  then  by  the  specific 
heat  of  air,  and  the  weight  of  water  is  arrived  at  which  could  be 
cooled  through  the  same  range  as  the  air  has  been  cooled.  This  can 
then  be  calculated  as  heat  units. 
The  formula  now  becomes 

_  W  X  S  X  R,  in  which 

 L  

W  =  weight  of  air  discharged  per  hour. 
S    =  specific  heat  of  air  (0*23). 
R    =  range  of  cooling  in  degrees  Fahr. 
L    =■  latent  heat  of  ice. 

w   —  lbs.  ice  at  32**  produced  from  water  at  32°  per  hour. 

Returning,  however,  to  oceanic  food  refrigeration,  which  is  no 
doubt  the  most  important  application  of  refrigerating  machinery 
that  we  ai^  acquainted  with,  it  seems  abundantly  clear  that  when 
once  meat  is  frozen  it  will  keep  indefinitely,  and  when  thawed  it 
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is  practically  in  the  same  state  as  at  the  moment  before  freezing — 
that  is,  if  the  thawing  takes  place  in  a  dry  atmosphere — otherwise 
the  aqueous  vapour  contained  in  the  warm  air  into  which  the 
meat  is  immersed  for  thawing  precipitates  upon  the  surface  of  the 
meat  as  moisture,  just  as  dew  precipitates  upon  grass  or  shrubs 
cooled  by  radiation  into  space  during  the  night  time. 

There  has  been  about  4,000  tons  of  Australian  and  New  Zealand 
frozen  meat  delivered  into  Great  Britain  by  means  of  cold  air 
machines  up  to  the  present  date. 

On  the  authority  of  Sir  Francis  Dillon  Bell,  who  read  an  inte- 
resting paper  recently  to  the  Royal  Colonial  Institute  on  the 
resources  of  the  Australian  Colonies,  it  is  claimed  that  Australia 
and  New  Zealand  could  export  to  England  1,000  tons  of  meat 
daily,  and  maintain  this  ad  libitum.  This  statement  of  Sir  Francis 
is  probably  correct,  when  we  bear  in  mind  their  extraordinary  rapid 
rate  of  development. 

It  appears  that  the  commerce  of  Australasia  is  now  of  the  value 
of  £100,000,000  annually,  an  amount  equal  to  the  whole  com- 
merce of  the  United  Kingdom  at  the  accession  of  Queen  Victoria. 

In  these  far-off  countries  they  have  spent  £56,000,000  in 
railways,  which  are  ready  to  bring  some  of  the  65,000,000 
sheep,  or  8,000,000  of  cattle,  they  possess  to  theii-  splendid  sea- 
ports. The  question  of  making  arrangements,  however,  for  the 
importing  into  this  country  of  such  a  quantity  as  1,000  tons  a-day 
is  a  very  serious  one. 

As  one  ton  dead  weight  of  meat  requires  120  cubic  feet  gross 
of  space  in  a  ship,  the  whole  of  the  steamers  that  were  built  in 
the  United  Kingdom  during  the  last  1 2  months  would  not  be  too 
much  for  carrying  it,  supposing  they  were  all  put  upon  the  traffic. 
These  steamers  were  474  in  number  and  343,361  in  tonnage ;  or, 
to  put  it  in  another  way,  supposing  all  the  steamers  of  the  Cunard, 
the  Anchor,  the  Guion,  the  State,  the  Inman,  the  National,  and 
the  White  Star  Lines,  which  usually  carry  passengers  to  New 
York,  were  put  on  this  trade,  they  couldn*t  bring  over  this  quan- 
tity of  meat,  and  there  would  be  the  very  awkward  question  as  to 
the  kind  of  cargo  they  could  carry  on  the  outward  voyage. 

The  metropolitan  meat  markets  in  London  are  said  to  get 
through  about  a  thousand  tons  of  meat  per  day,  and  the  average 
consumption  of  meat  per  head  in  the  United  Kingdom  is  stated, 
in  M*Oulloch*s  "  Commercial  Dictionary,"  to  be  about  100  lbs. 
per  head  per  annum,  so  that  we  may  fairly  conclude  the  total 
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consumption  of  meat  in  the  United  Kingdom  is  something  between 
3,000  and  5,000  tons  day. 

On  the  other  hand,  according  to  the  Board  of  Trade  agricnl- 
tural  returns  in  the  year  1874,  we  had  30,000,000  of  sheep  in  the 
lTnit<?d  Kingdom.  They  have  now  diminishe<l  to  24,000,000,  and 
the  amount  of  cattle  has  been  stationaiy  for  some  time,  whilst  our 
population  has  been  increasing  at  the  raU»  of  10  per  cent,  per 
decade.  At  the  same  time,  however,  we  have  been  importing,  and 
that  largely. 

A  writer  in  the  London  Times,  who  went  at  length  into  the 
subject  recently,  stated  that  America  contributes  about  16  per 
cent,  of  the  total  animal  food  consumed  ;  and  it  is  well  known  that 
very  large  supplies  come  from  Dutch,  Spanish,  and  other  European 
ports.  Another  writer  of  authority  in  the  European  Mail  of  the 
1st  Decern V)er,  1882,  goes  so  far  as  to  state  that  we  import  fully 
2,000  tons  a-day  ah*eady  from  various  parts  of  the  world ;  but  I 
feel  doubtful  about  this.  Taking  these  things  into  consideration, 
we  may  be  thaaikful  for  the  supplies  from  the  colonies  indicated 
by  Sir  Francis ;  but  to  all  appearances,  and  putting  in  all  the 
energy  available,  it  must  be  the  work  of  years  before  they  can  be 
available. 

Meanwhile  we  havo  to  dei)end  very  much  upon  America,  the 
meat  supplies  of  which  were  temix)rarily  deranged  during  the  late 
summer  months.  Tlie  laws  of  supply  and  demand  are,  however, 
bringing  cattle  again  in  vast  iiumbei-s  from  their  central  and 
western  cattle  ranches  to  their  seaboard,  the  excellent  shipping 
facilities  of  which  will,  no  doubt,  be  the  chief  source  of  our  supply 
of  cheap  meat  for  a  long  time. 

The  history  of  mechanical  refrigeration  shows  how,  to  use  the 
words  of  Sir  Frederick  Bramwell,  the  utmost  seci-ets  of  thermo- 
dynamics are  applied  to  practical  purposes — secrets,  many  of 
which  have  been  made  known  by  Glasgow  men,  and  some  of  them 
distinguished  membei-s  of  this  Society,  amongst  whom  may  be 
mentioned  James  Black,  James  Prescott  Joule,  W.  Macquom 
Rankine,  and  Sir  Wni.  Thomson. 
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(Signed)         JOHN  KEID,  Engineer. 
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XI. — On  the  Clauses  in  the  Draft  Glasgow  Police  Bill  which  have 
reference  to  the  Prevention  and  Mitigation  of  Disease,  By 
Eben.  Duncan,  M.D.,  F.F.P.S.CI. 


[Read  before  the  Society,  6th  December,  1882.] 


The  first  twenty-five  sections  of  the  Draft  Glasgow  Police  Bill  deal 
with  Police  regulations  for  the  government  of  the  city,  which 
have  no  be^iring  upon  sanitation  or  public  health.  The  26th 
section  is  the  only  aection  of  the  Act  which  deals  exclusively  with 
matters  relating  to  the  public  health  and  to  the  prevention  of 
epidemic  diseases.  It  is  di>dded  into  five  sub-sectiona  In  sub- 
sections 1,  2,  4,  and  5,  the  alterations  and  additions  which  are  ^ 
made  upon  the  Public  Health  Act  of  Scotland  are,  with  one 
exception — to  which  1  shall  subsequently  refer — comparatively 
unimportant,  and  the  amount  of  disease  which  can  be  i)revented 
or  mitigated  by  their  operation  will  be  a  very  small  percentage 
of  the  average  amount  under  present  conditions.  Sub-section 
No.  1  contains  four  clauses  which  define  the  sanitary  powers  of  the 
Police  Board  and  of  its  officers.  These  powera  are  substantially  the 
same  as  those  given  to  every  Local  Authority  by  the  Act  of  1867. 
In  sub-section  No.  2,  which  relates  to  the  removal  of  nuisances, 
the  only  important  difference  whiqh  I  note  is  that  such  cases  as  the 
smoke  nuisance,  which,  according  to  the  Public  Health  Act  should 
be  tried  before  the  Sheriff,  according  to  the  provisions  of  the  Police 
Act  are  to  be  decided  in  a  Magistrates*  Court  This  change  in 
the  administration  of  the  clause  is  certainly  not  in  the  public 
interest,  because  many  of  the  magistrates  are  themselves  offenders 
in  these  matters,  and  will,  consequently,  be  very  unlikely  to 
administer  the  law  impartially.  The  case  of  a  magistrate  being 
tried  by  a  brother  magistrate  for  a  smoke  nuisance  is  not  an 
unheard-of  case  in  Glasgow.  As  the  polluted  state  of  the  air  of 
this  city  is  one  of  the  most  important  causes  of  disease  and  death 
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in  the  community,  I  hope  that  in  the  next  Public  Health  Act  for 
Scotland  Glasgow  will  not  be  excepted  from  the  common  law  of 
the  land  in  this  matter.  I  think,  further,  that  the  workman  who 
neglects  his  duty,  in  the  matter  of  careful  and  regular  feeding  of 
his  furnace  fire,  should  be  placed  under  penalty  for  any  proven 
act  of  carelessness,  as  well  as  the  employer,  who  is  at  present  solely 
responsible  for  the  workman*s  negligence.  The  clauses  of  the 
Public  Health  Act  which  deal  with  the  removal  of  nuisances  are 
quite  as  comprehensive  as  those  of  the  Police  Bill,  and  in  the  Public 
Act,  as  in  the  Local  Act,  it  is  enacted  that  the  owner  of  a  house 
may  be  made  liable  and  mulcted  in  a  penalty  for  nuisances  which 
have  been  originated  by  his  tenant.  Sub-section  4,  which  deals  with 
the  regulation  of  lodging-houses,  differs  in  only  one  important  parti- 
cular from  the  section  of  the  Public  Health  Act  which  deals  with 
such  places.  It  is  enacted  by  the  Local  Act  that  not  only  must 
the  lodging-house  keeper  notify  every  case  of  infectious  disease  to 
the  Sanitary  Authority,  but  also  every  illness  which  causes  a 
lodger  to  be  confined  to  bed  for  24  hours.  Sub -section  5  I'efers 
to  unwholesome  and  adulterated  food,  and  differs  from  the  general 
Act  in  three  important  particulars — 1st.  It  provides  for  the 
inspection  of  all  dead  meat  brought  into  the  city  for  consumption. 
2nd.  It  enacts  that  not  only  the  person  in  whose  premises  the 
unsound  meat  is  found  may  be  prosecuted,  but  also  the  original 
consigner  or  seller  of  the  food,  if  it  was  unsound  at  the  time  of  the 
sale.  3rd.  It  is  enacted  that  a  person  who  has  knowingly  concealed 
from  the  Sanitary  Inspector  unsound  food,  for  the  purpose  of 
selling  it,  is  liable  to  imprisonment  for  60  days.  We  now  come 
back  upon  sub-section  3,  which  deals  specially  with  the  prevention 
and  mitigation  of  infectious  disease,  to  which  I  wish  to  devote 
your  special  attention  to-night. 

Since  the  year  1867,  in  which  the  Public  Health  Act  of  Scotland 
became  law,  sanitary  science  has  been  advancing  rapidly,  and  every 
fresh  discovery  as  to  the  causation  of  disease  has  had  an  outcome  in 
sanitary  legislation.  We  find,  therefore,  on  looking  over  the  more 
recent  Health  Acts  of  England  and  Ireland  that  in  these  measures 
considerable  additions  have  been  made  to  the  provisions  of  our 
Scotch  Act  of  1867.  Some  of  the  more  important  of  these  additions 
have  a  place  in  this  Draft  Bill.  There  are  two  directions,  however, 
in  which  the  promoters  of  this  Bill  seek  to  make  fresh  advances 
upon  the  latest  Public  Health  Act — that  of  Ireland,  which  was 
passed  by  the  legislature  in  1878.   It  would  l>e  impossible  to  discuss 
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in  one  evening  all  the  amendments  on  the  Public:  Health  Act  of 
Scotland  which  are  embodied  in  this  sub-sectidn:V5f .the  Bill  I 
therefore  desire  to  confine  the  discussion  to-night  tcr'theoe  two  fresh 
departures  in  sanitary  legislation.  1  refer  to  the  <4^n§es  which 
deal  with  compulsory  notification  of  infectious  diseas^'-a^d  the 
clauses  which  are  directed  against  the  propagation  of  infectious 
diseases  by  milk. 

The  infectious  diseases  mentioned  in  the  Act  may  be  diTzded . 
into  two  classes — (1st)  those  which  are  generally  associated  witfr. 
well-known  sanitary  defects,  and  (2nd)  those  which  are  not  so 
associated. 

Class  I. 


)  Typhus  Fever. 
(  Relapsing  Fever. 


I imanilary  Causes. 
[  1.  Insufficient  Food. 

2.  Overcrowding. 
^  3.  Dirty  and  badly  ventilated  houses. 


1. 


Cholera. 
Typhoid  Fever.    \  ^ 


Defects  of  drainage,  and  of  other 
methods  of  disposal  of  human 
excreta,  leading  to  tainted  water 
or  milk. 

Dust  of  dried  alvine  discharges 
from  previous  cases  disseminated 
through  the  air. 


Class  II. 

Smallpox.  \  Diseases  which  are  propagated  through 

Scarlet  Fever.  /  air,  food,  or  clothing,  exposed  to 
Measles.  i       contamination  by  the  exhalations 

Hooping-cough.    ^       from  the  patient's  lungs  or  skin. 

It  is  necessary  to  keep  in  view  the  various  ways  in  which  these 
diseases  arise  and  propagate  themselves,  in  order  to  understand  the 
probable  effects  of  the  measures  of  isolation  and  disinfection  which 
are  intended  to  be  employed  by  the  sanitary  authority.  Let  us  take 
them  up  individually,  and  consider  in  each  case  what  additional  help 
may  be  got  from  compulsory  notification.  Past  experience  has 
shown  us  that  outbreaks  of  typhus  fever  and  relapsing  fever  are 
preventable  if  the  sanitai7  authority  does  its  duty — (1st)  in  rooting 
out  the  overcrowded  fever  dens  which  the  ignorance  and  negligence 
of  a  former  generation  permitted  to  spread  like  cankers  in  the 
heart  of  the  community,  and  (2nd)  in  providing  the  displaced 
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population  witji  kfealtby  houses  and  aiding  them  in  times  of 
poverty  and  ^d^'ss. 

My  peraQnaf*  experience  of  typhus  fever  goes  back  for  twenty 
years.  I^tqember  well  the  days  bef  oi-e  the  City  Improvement  Trust 
did  its/gfte*at  work  of  renovation,  and  how  typhus  decimated  the 
crowdQ4  r^ynds  and  closes  of  old  Glasgow.  I  can  count  up  ten  of 
m*y-,old  fellow-students  in  the  Glasgow  University  who  died  of 
,ty.plui8  either  in  their  student  days  or  in  the  early  years  of  their 
\  practice.  At  the  present  time  so  successful  have  been  the  com- 
'bined  efforts  of  the  Improvement  Trust  and  the  Sanitary  Depart- 
'  ment,  that  very  few  of  the  young  doctors  who  graduated  during 
the  past  eight  or  nine  years  have  ever  seen  a  case  of  typhus  fever 
in  their  student  days,  and  medical  men  may  now  practice  for 
years  in  this  city  without  seeing  a  single  case  of  the  disease.  It 
was  by  the  laboura  of  such  men  as  the  late  Dr.  Alison,  of 
Edinburgh,  and  Dr.  Perry,  of  Glasgow — who  pointed  out  the 
distinctive  characters  of  the  disease  and  so  led  to  the  discovery  of 
its  true  causation — and  by  the  intelligent  action  of  the  city  autho- 
rities founded  upon  the  knowledge  so  obtained,  that  typhus  fever 
was  so  successfully  dealt  with.  At  the  present  time,  when  typhus 
fever  breaks  out  in  any  part  of  the  city,  it  is  found  to  originate, 
as  in  the  past,  in  some  overcrowded,  badly  ventilated  place,  and  it 
has  now  become  a  danger  signal,  drawing  the  attention  of  the 
authorities  to  overcrowded  and  filthy  dwellings. 

This  table  shows  the  percentage  of  deaths  from  typhus  fever  in 
Glasgow  as  contrasted  with  the  towns  in  which  notification  of 
infectious  diseases  by  the  medical  man  or  householder  has  been 
enforced  since  1879 : — 

TYPHUS  FEVER. 
( CcUculatvig  the  percentagt:  on  the  total  death-rate.) 


Glugow. 

Edinburgh . 

Dundee. 

Greenock. 

1878 

0-36 

0-49 

0-70 

0-86 

1879 

0-47 

0-64 

0-60 

108 

1880 

0-33 

0-22 

0  47 

0-69 

1881 

0-39 

0-46 

0-37 

0-74 

Tou  see  from  this  table  that  Glasgow,  which  has  hitherto  trusted 
to  general  hygienic  measures,  and  has  got  its  knowledge  of  this 
disease  principally  from  the  house  to  house  visitations  of  sanitary 
inspectors,  compares  very  favourably  with  the  towns  in  which 
notification  has  been  enforced.    The  evidence  of  its  oontinuanoe 
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in  these  towns,  in  larger  amount  than  in  Glasgow,  shows  that 
we  cannot  exjiect  compulsory  notification  to  help  us  much  in 
stamping  it  out.  We  must  look  to  the  removal  of  the  fever  dens 
which  still  remain,  and  which  were  so  graphically  described  a  few 
months  ago  in  a  pamphlet  issued  by  the  Rusk  in  Club,  for  the  fiiuil 
extinction  of  typhus  as  an  endemic  disease  in  Glasgow.  I  have  no 
doubt,  however,  that,  if  by  compulsory  notification,  or  any  other 
means,  the  sanitary  authorities  could  get  earlier  information  of 
such  sporadic  cases  as  that  described  by  Dr.  Russell  in  his  report 
to  the  Town  Council  on  Tuesday,  some  good  would  be  done,  and 
some  disease  would  be  prevented.  It  was  stated  in  the  Council 
that,  had  the  clause  compelling  the  medical  attendant  to  repoH 
such  cases  been  in  force  in  Glasgow,  the  small  outbreak  which 
originated  from  that  case  would  have  been  averted.  But  I  would 
point  out  that  the  medical  man  who  was  called  in  did  not  seem  at 
all  sure  that  the  case  was  one  of  typhus.  He  merely  told  the 
people  that  it  would  probably  turn  out  to  be  so,  and  under  the 
present  clauses  he  could  not  have  certified.  1  have  no  doubt, 
however,  that  such  cases  may  occasionally  arise,  and  that  if  we 
could  have  compulsory  notification  enforced  upon  both  medical 
men  and  householder,  without  producing  worse  evils,  some  good 
might  be  done,  and  some  disease  prevented. 

Relapsing  fever  arises  in  the  same  circumstances  of  poverty, 
insufficient  food,  and  overcrowding.  It  is  now  a  rare  disease. 
Years  pass  without  a  single  death  being  recorded  from  this  disease 
in  Glasgow.  All  that  I  have  said  with  regard  to  typhus  and  the 
means  which  are  likely  to  stamp  it  out,"  is  equally  applicable  to 
the  case  of  relapsing  fever — I  need  not,  therefore,  occupy  your 
time  any  longer  with  it. 

We  now  come  to  cholera  and  typhoid  fever.  The  past  history  of 
these  diseases  proves  that  they  most  commonly  arise  in  epidemic 
foiin  when  the  water  supi)ly  of  a  community  becomes  tainted 
with  the  alvine  discharges  of  an  imported  ca^e.  When  cholera 
prevailed  in  this  countiy  we  had  no  knowledge  as  to  the  propaga- 
tion of  such  diseases  by  tainted  milk,  otherwise  I  think  we  would 
have  discovered  milk  epidemics  of  cholera  as  we  have  discovered 
milk  epidemics  of  typhoid.  In  every  respect  the  laws  governing 
the  spread  of  these  diseases  are  alike.  Cholera  does  not  long 
continue  in  this  country,  because  the  climatic  conditions  are  not 
favourable  to  the  vitality  of  the  cholera  genu.  We  cannot  give 
the  sanitary  measures  which  were  adopted  in  consequence  of  its 
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invasion  the  credit  of  stamping  it  out,  although  we  may  fairly 
give  them  the  credit  of  limiting  its  spreail.  The  fact  that  typhoid 
fever  is  so  prevalent  among  us  shows  tliat  cholera  may  readily  occui- 
again;  but  owing  to  the  improvements  in  the  general  hygienic 
arrangements  of  the  country,  and  si>ecially  to  the  care  which  is  now 
bestowed  upon  the  water  supply,  we  may  confidently  predict  that 
it  will  never  prove  so  deadly  in  the  future  as  it  has  done  in  the 
past 

Numerous  epidemics  of  typhoid  fever  have  been  traced  to  milk 
contaminated  either  by  water  from  a  well  impregnated  with 
typhoid  excreta,  or  by  exposure  to  the  dust  of  typhoid  excreta  in 
the  vicinity  of  a  fever  patient.  It  will  clear  the  way  for  a  con- 
sideration of  the  probable  effects  of  compulsory  notification  in 
typhoid  fever  if  we  now  take  up  the  question — To  what  extent 
will  the  clauses  in  the  Police  Bill  which  deal  with  infected  milk 
be  likely  to  diminish  milk  epidemics  of  this  fever  ?  The  clauses 
referred  to  are  three  in  number.  Clause  288  enacts  that  when,  in 
the  opinion  of  the  officer  of  health  or  of  a  medical  practitioner,  the 
spread  of  infectious  disease  is  attributable  to  milk  supplied  from  a 
dairy,  the  keeper  of  that  dairy  must  furnish  to  the  sanitary 
authority  the  names  and  addresses  of  all  his  customei-s.  The 
next  clause  (289)  enacts  that  he  must  also  furnish  the  names 
of  the  milk  dealers  and  farmers  from  whom  he  receives  his 
mOk.  Knowing  the  frailty  of  human  natui-e,  the  framers 
of  this  clause  have  strengthened  it  by  compelling  the  dairy- 
man to  prove  his  verbal  statements  by  an  appeal  to  his  books 
and  invoices.  When,  by  means  of  the  information  so  obtained, 
the  outbreak  can  be  shown  to  have  been  limited  to  this  man's 
customers,  and  to  have  come  from  one  of  the  farms  from 
which  his  milk  had  been  obtained,  and  when  it  is  further 
shown  that  an  inmate  of  this  farm  is  actually  suffering  from  the 
malady  in  question,  the  remedy  proposed  in  clause  280  is  the  very 
selfish  one  that  the  sale  of  that  milk  is  to  be  prohibited  within 
the  burgh  of  Glasgow  until  the  patient  who  has  given  rise  to  all 
this  mischief  has  been  removed  or  has  recovered,  and  the  farm 
premises  have  been  disinfected  to  the  satisfaction  of  the  medical 
officer  of  health.  As  far  jis  the  Glasgow  authorities  are  con- 
cerned, the  milk  may  go  anywhere  else.  Let  us  test  the  value 
of  these  clauses  in  the  case  of  typhoid  fever.  In  the  first 
place,  typhoid  fever  has  commonly  a  period  of  incubation  of 
three  weeks;  and,  in  the  second  place,  after  the  symptoms  do 
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declare  themselves,  eight  days  elapse  before  the  physician  can 
certainly  say  that  the  disease  is  typhoid ;  so  that,  from  the  time 
that  a  given  milk  supply  begins  to  be  contaminated,  four  weeks 
must  elapse  before  the  sanitary  authorities  of  Glasgow  can  get 
any  certain  knowledge  that  an  extensive  poisoning  with  typhoid 
germs  has  been  going  on.  Another  week  may  be  occupied  in 
investigating  the  epidemic  and  tracing  it  to  its  source,  so  that 
during  five  weeks  disease  and  death  are  being  dealt  out  to  the 
community  before  the  remedy  which  the  wisdom  of  the  sanitary 
authorities  has  devised  can  be  applied.  And  what  is  the  remedy? 
To  stop  the  farmer  from  sending  that  milk  to  Glasgow  until, 
in  the  opinion  of  the  medical  officer,  the  disease  has  ceased  in 
that  farm.  Surely  this  looks  very  like  locking  the  stable  door 
when  the  steed  is  stolen. 

Let  us  take  the  evidence  of  the  tables  of  mortality  : — 

TYPHOID  FEVER. 


( Calculating  the  percentage  on  the  total  death-rate. ) 


Glasgow. 

Edinburgh. 

Dundee. 

Greenock. 

1878,  ... 

...  1-41 

1-68 

1-30 

0-92 

1879,  ... 

...  109 

1-20 

0-60 

0-70 

1880.  .. 

...  213 

110 

0-76 

0-69 

1881,  ... 

...  1-37 

1-28 

0-68 

0-47 

The  opinion  to  which  these  figures  point  is  that,  if  we  are  to 
place  any  faith  in  diminution  of  the  death-rate,  the  towns  in 
which  notification  by  the  householder  alone  has  been  enforced, 
show  the  best  results.  In  Edinburgh,  in  which  notification  by 
the  medical  attendant  has  been  enforced,  the  amount  of  disease 
of  this  kind  is  as  great  as  in  Glasgow,  and  the  mortality  has 
not  diminished  since  the  Act  came  in  force.  I  do  not,  however, 
place  any  importance  on  a  temporary  diminution  of  the  death-rate 
from  this  disease,  as  showing  any  beneficial  effect  from  this  new 
factor  in  Greenock  and  Dundee. 

The  epidemics  of  typhoid  which  have  occurred  in  Glasgow  during 
the  past  eight  yeai-s,  and  have  been  of  sufficient  extent  and  im- 
portance to  make  an  exhaustive  inquiry  into  their  causation  possible, 
have  all  been  traced  to  milk  contaminated  with  the  excreta  of  a 
typhoid  fever  patient  in  some  neighbouring  dairy  farm.  I  read  a 
paper  to  this  Society  two  years  ago,  in  which  I  pointed  out  that  a 
careful  inquiry  into  these  epidemics  failed  to  show  that  in  any 
case  was  there  any  extension  of  the  disease  so  produced  through 
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the  agency  of  the  drains  and  seweiu  Taking  as  our  premises  the 
two  facts  which  I  endeavoured  to  prove  in  that  paper — viz.,  Ist, 
That  during  the  prevalence  of  the  extensive  milk  epidemics  which 
have  occurred  in  the  past  eight  years,  although  there  was  an 
unusually  large  amount  of  the  typhoid  poison  circulating  in  the 
drains  and  sewers  of  Glasgow,  there  was  no  extension  of  the 
fever  along  the  lines  of  drainage  or  into  the  neighbouring  houses ; 
2nd,  That  in  many  instances  the  house-drains  and  soil-pipes  in 
these  neighbouring  houses  were  very  defective,  and  freely  per- 
mitted of  the  flow  of  sewage  gases  from  these  soil-pipes  and  house- 
drains,  containing  the  typhoid  poison,  into  these  houses — the 
obvious  conclusion  is  that  (in  Glasgow)  epidemics  of  typhoid  fever 
do  not  now  arise  from  the  inhalation  of  sewer  gases.  I  do  not 
deny  that  dust  particles  of  typhoid  excreta  may  be  carried  back 
from  our  sewers,  but  on  the  bases  of  these  facts  I  do  assert  that 
the  cases  of  typhoid  which  are  so  produced  must  be  comparatively 
few.  Therefore,  1st,  Because  four  or  five  weeks  must  usually  elapse, 
after  the  poisoning  of  the  community  begins,  before  the  Sanitary 
Authority  can  become  acquainted  with  its  cause.  2nd,  Because 
the  statistics  of  other  towns  in  which  the  clauses  proposed  in 
the  Glasgow  Police  Bill  are  enforced  do  not  on  the  whole 
give  any  evidence  of  progressive  improvement  in  the  death-rate 
from  this  disease.  3rd,  Because  the  poisonous  particles  which 
give  origin  to  the  bulk  of  the  cases  of  typhoid  are  not 
propagated  within  the  jurisdiction  of  the  City  Authorities,  but 
come  from  without.  And  lastly,  because  typhoid  fever  is  not  an 
infectious  disease  in  the  popular  sense,  and  may  safely  be  treated 
at  home  without  the  slightest  fear  of  its  spreading,  if  the  dis- 
charges from  the  bowels  of  the  patient  are  properly  disinfected. 
On  these  four  grounds  I  hold  that  neither  compulsory  notification, 
nor  the  milk  clauses  in  question,  will  materially  diminish  the 
prevalence  of  typhoid  fever  in  Glasgow. 

What  will  diminish  it  ?  Although  that  question  need  not  be 
answered  in  connection  with  this  argument,  it  has  some  bearing 
upon  it. 

Two  years  ago  I  was  asked  by  a  milk  agent  to  visit  with  him 
some  dairy  farms  from  which  he  thought  of  taking  the  dairy 
produce  to  supply  his  customers  in  Glasgow,  and  in  the  suburb 
in  which  I  live.  He  wished  me  to  give  him  my  opinion 
as  to  their  sanitary  condition.  I  visited  five  farms.  They  differed 
very  much  in  their  size,  appeamnce,  and  surroundings,  but  they 
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all  agreed  in  this,  that  the  kitchen  opened  directly  into  the  byre, 
and  the  byre  opened  directly  into  the  milk-house.  The  result  of 
this  arrangement  was — (1st)  that  a  large  proportion  of  the  foul 
and  heated  air  of  the  crowded  byre  was  carried  into  the  apart- 
ments occupied  by  the  farmer's  family,  and  (2nd)  that  the  milk 
standing  in  the  milk-house  was  also  exposed  to  the  foul  vapours 
which  emanated  from  the  byre.  I  was  informed  that  this  is  the 
usual  arrangement  in  the  West  of  Scotland.  I  also  found  that 
in  these  five  farms  the  farmer's  wife  not  only  attended  to  domestic 
duties  and  nursed  her  children  through  the  various  ailments  of 
early  years,  but  also  attended  to  the  dairy.  When  her  children 
were  recovering  from  these  illnesses  they,  no  doubt,  ran  about  the 
byre  and  milk-house  attending  on  all  the  dairy  operations.  In  one 
farm-house  which  I  subsequently  visited  in  a  delightful  situation 
on  the  top  of  a  hill,  open  on  all  sides  to  a  pure,  bracing  atmosphere, 
I  found  that  the  farmer  was  himself  the  sole  survivor  of  a  large 
family  bom  in  that  house.  One  by  one  they  had  died  of  consump- 
tion of  the  lungs.  The  bedrooms  in  that  house  were  very  small,  and 
they  received,  through  the  kitchen,  the  emanations  of  30  cows.  The 
water  supply  was  got  from  a  well  sunk  immediately  under  the  wall 
of  the  byre  in  a  porous  soil  which  had  become  saturated  with  decom- 
posing animal  matter.  Year  after  year  they  slept  in  a  poisonous 
atmosphere,  and  daily  they  drank  from  a  tainted  well.  The 
inevitable  result  was  death  except  to  the  strongest  organism.  In 
a  second  dairy  farm  the  well  was  sunk  in  the  middle  of  the  court- 
yard, and  surrounded  by  the  byre,  the  stable,  the  dungstead,  and 
the  privy.  Four  feet  of  the  surface  was  made  up  of  road  metal, 
through  which  the  animal  impurities  could  gain  easy  access  to  the 
weE  In  a  third  tbere  was  no  privy  of  any  kind  for  the  use  of  the 
inmates,  and  the  surrounding  gi-ound  was  littered  with  every  kind 
of  dirt  and  filth.  The  water  was  got  from  a  tile  drain  which 
opened  on  the  hill  side  behind  the  house,  and  the  receptacle 
for  receiving  the  water  was  exposed  to  contamination  by  the 
children  who  ran  about  all  over  the  place.  There  had  been  fever 
in  that  farm  a  month  before  my  visit,  and  it  is  easy  to  see  the 
dangers  which  the  recipients  of  the  milk  from  that  farm- 
house ran  at  such  a  time.  Well,  it  is  from  these  insanitary 
farm-houses  that  the  typhoid  epidemics  of  Glasgow  spring.  But 
how  does  the  fever  get  there?  I  pointed  out,  in  the  paper  to  which 
I  have  already  referred,  one  of  the  great  sources  of  sporadic  cases 
of  typhoid  fever.    It  is  to  be  found  in  the  huge  accumulations  of 
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manure  collected  from  the  poorest  and  most  diseased  districts  of 
Glasgow,  which  are  deposited  in  various  parts  of  the  city,  and  part 
of  which  is  thereafter  conveyed  to  the  very  dairy  district  of  which 
I  have  been  speaking.  I  have  no  doubt  that  in  many  of  the  milk 
epidemics  from  which  this  community  has  suffered,  Glasgow  has 
only  reaped  what  it  has  sown.  The  authorities  in  this  matter  are 
without  excuse,  because  a  remedy  has  been  found  in  the  great 
towns  of  the  midland  counties  of  England.  As  these  towns  have 
no  outlet  for  their  excreta  in  a  tidal  river,  necessity  has  again 
been  the  mother  of  invention,  and,  by  the  valuable  and  ingenious 
appliances  of  Messrs.  Fryer,  of  Nottingham,  they  have  found  a 
means  of  reducing  this  foul  and  dangerous  material  into  valuable, 
useful,  and  harmless  products.  I  can  quite  see  that  the  Glasgow 
authorities  cannot  come  forward  with  clean  hands  to  advocate 
a  reform  in  the  health  administration  of  the  rural  districts  until 
they  can  say — We  have  swept  away  the  nuisances  at  our  own 
door  and  those  which  we  formerly  dealt  out  to  you.  To  any 
effort  on  the  part  of  Glasgow  to  attack  the  causes  of  our  typhoid 
epidemics  at  their  fountain-head  in  the  rural  districts  of  Scotland, 
the  iniml  authorities  at  the  present  moment  would  have  good 
reason  to  reply — "  First  cast  out  the  beam  out  of  thine  own  eye, 
and  then  shalt  thou  see  clearly  to  cast  out  the  mote  out  of  thy 
brother's  eye."  It  is  painful  to  visit  the  manure  depots  of  Glasgow, 
and  to  find  the  authorities  still  engaged  in  the  separation  of  old 
boots,  broken  glass,  and  scraps  of  iron,  and  then  mixing  up  the  foul 
mass  with  ashes,  and  transporting  it  to  the  farmers  to  poison  the 
country  districts.  I  don't  say  that  in  this  respect  Glasgow  is  in 
any  way  woi*se  than  other  towns  of  Scotland ;  but,  in  the  light  of 
the  deputations  which  it  has  sent  to  other  towns,  and  the  years  of 
discussion  which  it  has  devoted  to  this  question,  T  do  say  that 
Glasgow  ought  ere  thLs  time  to  have  taken  a  lead  in  this 
important  refonn. 

Up  to  this  point  the  diseases  in  my  list  are  most  efficiently 
prevented  by  removing  the  bad  sanitaiy  conditions  with  which 
they  are  associated. 

I  now  come  to  the  last  class  of  diseases — the  spread  of  which 
is  not  necessarily  associated  with  any  well-understood  insanitary 
conditions.  Tlie.se  diseases  spread  by  infection,  in  the  popular 
sense  of  the  word.  It  is  to  this  class,  if  to  any,  that  measures  of 
compulsory  removal  to  hospital,  isolation,  and  disinfection  are  most 
specially  applicable.    Excepting  the  case  of  smallpox,  it  is  only 
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by  such  means,  in  the  present  state  of  medical  science,  that  we 
can  hope  to  diminisli  them  at  aU. 

The  past  history  of  mankind  teaches  ua  that  success  has  not 
hitherto  attended  efToi-ts  to  stamp  out  by  quarantine  and  disin- 
fection such  highly  contagious  maladies  as  scarlet  fever,  measles, 
and  hooping-cough.  The  reason  of  this  failure  will  be  apparent  if 
we  consider  the  means  which  veterinary  surgeons  have  been  com- 
pelled to  adopt  to  prevent  the  spread  of  similar  diseases  among  the 
lower  animals.  I  quote  from  a  book  entitled  The  Four  Bovine 
Scourges^  recently  published  by  Mr.  Walley,  the  Professor  of 
Veterinary  Medicine  and  Surgery  in  the  Dick  Veterinary  College 
in  Edinburgh.  He  says — "No  temporising  measures  are  of  avail 
in  suppressing  cattle  plague,  and  it  can  only  be  annihilated  by 
the  absolute  destruction  of  every  living  animal  which  is  the 
subject  of  the  disease,  or  which  may  have  been  in  contact  with 
affected  cattle ;  and  not.  only  so,  but  by  the  destruction,  when 
practicable,  of  everything  which  is  contaminated,  or  may  be 
supposed  to  be  contaminated,  with  the  virus  of  the  disease." 
Again,  in  speaking  of  pleuro-pneumonia,  he  says — "In  its  sup- 
pression slaughter,  isolation,  and  external  and  internal  disinfection 
can  alone  be  relied  on,  with  arrest  of  all  movements  to  and  from 
infected  districts." 

Now,  gentlemen,  scarlet  fever  and  measles  are  quite  as  con- 
tagious as  cattle  plague  and  pleuro-pneumonia.  Even  if  measures 
of  slaughter  were  not  necessary  to  success  in  an  attempt  to  stamp 
out  such  diseases,  and  if  we  could  succeed  by  the  rigorous  isolation 
and  disinfection  of  every  case,  and  by  placing  an  infected  district 
in  quarantine,  I  don't  think  that  society  is  yet  prepared  to  allow 
the  Town  Council  of  Glasgow  to  apply  such  drastic  remedies.  If 
we  are  to  take  any  lesson  from  the  past  history  of  mankind,  the 
only  measures  which  will  succeed  in  stamping  out  these  diseases 
will  either  take  the  direction  of  the  discovery  of  a  vaccine,  as  in 
the  case  of  smallpox,  or  in  the  discovery  of  some  medicine  which 
will  so  alter  the  state  of  the  blood  of  the  patient  that  it  no  longer 
forms  a  suitable  food  for  the  disease  germs.  For  such  discoveries 
we  must  look  not  to  administrative  health  officers,  who  never  can 
be  expected  to  do  much  in  this  direction,  but  to  the  unselfish 
labours  of  the  medical  practitioner.  When  the  disease  is  dying 
out  the  thorough  and  universal  adoption  of  such  measures  as  isola- 
tion and  disinfection,  when  thoroughly  carried  out,  will  hasten 
the  process  of  final  extinction,  but  must  always  bear  a  very 
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subordinate  part.  In  the  case  of  smallpox,  you  see  from  this  table 
how  successful  vaccination  has  been  in  Glasgow.   There  have  only 


MORTALITY  FROM  SMALLPOX  IN  GLASGOW. 


Vaccinated. 

Unraccinated. 

1878, 

2  deaths, 

1 

1 

1879, 

None,  . 

1880, 

2  deaths. 

2 

1881, 

2  deaths, 

2 

been  six  deaths  registered  in  four  years,  and  five  of  these  persons 
were  unvaccinated.  The  obvious  conclusion  is  that  thorough  vac- 
cination and  revaccination  in  adult  life  are  the  proper  remedies  for 
stamping  out  this  most  loathsome  disease.  Neglect  these  I'emedies 
and,  in  spite  of  every  measure  of  isolation  and  disinfection  you  can 
devise,  you  will  have  epidemics  of  smallpox  reappear  with  their  old 
virulence  and  malignancy.  I  believe  the  outbreaks  of  smallpox 
in  London  are  largely  the  outcome  of  the  agitation  kept  up  by  the 
stupid  and  ignorant  Anti-Vaccination  League. 

Although  I  argue  that  the  diseases  in  class  II.  will  never  be 
stamped  out  by  any  attempt  at  isolation  and  disinfection,  however 
thoroughly  carried  into  effect,  I  am  quite  agreed  with  the 
promoters  of  this  Bill  that  these  measures,  if  judiciously  carried 
into  effect,  will  do  much  good,  and  prevent  the  spread  of  much 
disease.  We  cannot  wait  till  a  vaccine  has  been  discovered. 
That  day  may  never  come ;  although  the  discoveries  of  M.  Pasteur 
in  splenic  fever  and  fowl  cholera  lead  us  to  look  in  that  direction 
for  a  solution  of  the  difficulty.  Let  us,  therefore,  now  consider  the 
evidence  furnished  by  the  Registrar-GeneraPs  mortality  tables 
in  those  towns  which  have  adopted  this  system  of  compulsory 
notification. 

Let  us  take  the  next  disease  in  the  list — scarlet  fever.  Here  is 
a  table  of  the  mortality  from  scarlet  fever  in  the  towns  I  have 
already  referred  to,  and  also  in  two  English  towns,  one  of  which — 
Leicester — has  adopted  similar  clauses  to  those  in  this  Glasgow 
Bill.    The  other — Norwich — has  adopted  notification  by  the 
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householder,  who  is  aided  by  a  certificate  written  by  his  medical 
attendant,  and  handed  to  him  to  transmit : — 

SCARLET  FEVER. 
f  Calculating  the  percentage  on  the  total  death-rate. ) 


Glasgow. 

Edinburgh. 

Dundee. 

Greenock. 

Leicester. 

Norwich. 

1878. 

...  1-37 

0-86 

2-16 

0.20 

0-31 

0-62 

1879, 

...  202 

200 

0-89 

0-25 

319 

1  61 

1880, 

..  3-52 

7  09 

0-99 

0-82 

308 

8-89 

1881, 

...  200 

5-51 

1-70 

2-48 

5-67 

3-74 

You  see  from  this  table  that  in  every  town  in  which  notifica- 
tion has  been  enforced  scarlet  fever  has  increased  in  severity 
since  1879.  I  was  somewhat  surprised  when  I  first  saw  these 
figures,  because  scarlet  fever  is  a  well-defined  disease.  The 
characteristic  rash  and  sore  throat  are  seen  on  the  second  day 
of  the  disease,  before  it  has  had  time  to  do  much  mischief.  This 
disease  spreads,  apart  altogether  from  insanitary  conditions,  either 
by  contagion  through  the  medium  of  the  air  in  close  vicinity  of 
the  patient's  body,  or  through  some  article  of  clothing  or  food 
which  has  been  exposed  to  contamination  in  the  immediate 
vicinity  of  the  patient.  When  we  find  from  the  mortality  tables, 
which  cannot  be  mistaken,  that  in  such  instances  such  results 
follow  either  as  the  combined  efiect  of  the  methods  proposed  in 
the  Glasgow  Police  Bill,  or  in  spite  of  them.  When  Edinburgh 
and  Leicester  in  one  fashion,  and  Greenock,  Dundee,  and 
Norwich  in  another  fashion,  attempt  compulsory  notification, 
iisolation,  and  disinfection,  and  fail  so  completely,  we  should 
surely  profit  by  their  example,  and  look  out  for  new  and  better 
methods  in  Glasgow.  In  order  to  do  so  we  must  find  out  what 
reasons  can  be  given  for  the  increased  mortality.  Why  should  such 
measures,  which  at  first  sight  look  so  plausible  and  reasonable,  lead 
to  such  a  result  1  In  the  fii-st  place,  I  answer,  notwithstanding  the 
assertions  of  the  town-clerks  and  the  handful  of  health  officers, 
on  whose  mere  opinion,  unsupported  by  any  proof,  the  Select 
Committee  of  the  House  of  Commons  decided  to  support  these 
clauses,  this  effort  to  0001*00  has  led  to  the  concealment  of  such 
diseases.  The  statements  made  by  these  men,  that  such  cases  of 
concealment  do  not  exist,  are  as  untrue  as  the  statement  that  the 
Act  in  question  has  been  an  unqualified  success.  That  such 
diseases  aro  concealed  in  considerable  numbers,  on  account  of  the 
fear  which  compulsory  removal  to  contagious  hospitals  engenders 
in  the  minds  of  the  lower  classes,  is  proven  by  the  universal 
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testimony  of  the  medical  practitioners  who  work  among  these 
people.  The  injudicious  manner  in  which  some  of  these  health 
officers  administer  these  clauses  has  in  some  places  greatly  aggra- 
vated this  feeluig.  I  have  no  doubt  that  these  men  act  with  the 
iKJst  motives  and  in  the  strength  of  their  great  zeal  for  the  public 
interest,  but  still  they  sometimes  act  regardless  of  the  feelings  of 
the  people  and  without  sufficient  regard  for  the  interests  of  the 
unfortunate  patients.  Disputes  with  the  medical  attendant  about 
such  matters  as  the  ability  of  the  family  to  isolate  the  patient,  and 
whether  the  patient  is  in  a  fit  state  for  removal,  liave  frequently 
occurred,  and  in  many  j^laces  the  Act  has  been  working  "  with 
great  friction."  I  must  honestly  say  that,  after  considering 
this  point  very  carefully,  I  don't  think  the  people  are  altogether 
without  justification  in  objecting  to  go  to  the  kind  of  epidemic 
hospitals  which  are  offi^red  to  them.  Istly,  Tlie  removal  of  a  cliild 
suffering  from  a  severe  attack  of  fever  to  the  Behadere  Hospital* 
of  Glasgow — say  from  Cowcaddens,  Anderston,  or  Tradeston — is 
not  a  proceeding  which  is  likely  to  conduce  to  the  child's  recovery, 
nor  is  it  conducive  to  the  peace  of  mind  of  the  parents — the  distance 
making  frequent  visits  to  inquire  after  the  dear  one  imj)ossible. 
2ndly,  The  whole  principle  involved  in  accumulating  all  the  contagious 
diseases  of  the  community  in  a  great  conglomeration  of  buildings 
on  one  spot  of  ground  is  utterly  repugnant  to  every  principle  of 
wise  sanitation.  There  can  be  no  doubt  that,  under  such  circum- 
stances, cases  of  a  mutual  exchange  of  diseases  will  happen  in 
spite  of  the  greatest  care  and  vigilance  on  the  part  of  the  officials. 
I  have  the  highest  respect  and  esteem  for  the  men  who  direct  the 
affairs  of  these  hospitals,  and  I  know  that  whatever  they  can  do 

*  Belviderc  Hospital  has  been  very  carefully  coustructed,  and  is  in  many 
respects  a  very  good  specimen  of  its  kind— probably  one  of  the  best  in 
Britain.  The  principle  of  centralization  which  it  embodies  is,  however,  in 
my  opinion,  a  very  bad  principle  to  carry  into  effect  in  a  fever  hospital.  I 
make  this  protest  against  it  now  in  view  of  the  proposed  extension  of  the 
hospital  acconmiodation  for  fever  cases  in  Glasgow  in  connection  with  some 
form  of  compulsory  notification  of  infections  diseases.  Separate  hoepitala 
for  the  most  common  forms  of  fever  should  be  erected  in  the  four  qoartera 
of  the  city  within  easy  access  of  dwellings  of  the  poor.  To  these,  in  the 
graver  cases,  the  patient  might  be  removed  with  safety.  Belvidere  woold 
still  remain  serviceable  for  the  large  population  of  the  eastern  district  of 
Glasgow.  There  the  buildings  for  the  different  fevers  should  be  further  apart, 
and  both  buildings  and  airing  grounds  should  be  as  carefully  isolated  from 
each  other  as  the  existing  smallpox  wards  arc  at  present  isolated  from  the 
other  fever  war\is. 
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to  prevent  the  evils  of  which  I  have  spoken,  and  to  ameliorate  the 
hard  fate  of  the  unfortunate  inmates  of  these  institutions  and  of 
their  anxious  relatives,  will  be  done — and  done  well;  but,  never- 
theless, the  system  is  a  bad  one,  and,  in  my  opinion,  should  be 
altered.  In  speaking  on  this  subject  I  wish  it  to  be  understood 
that  I  don't  refer  to  Glasgow  alone,  but  to  the  practice  of  most  of 
the  other  large  cities  in  the  kingdom.  I  have  not  the  slightest 
hesitation  in  saying  that,  by  the  system  contemplated,  of  removal 
to  hospital  in  all  cases  where  the  public  interest  is  endangered, 
the  mortality  among  the  persons  who  suffer  from  these  diseases 
will  increase,  unless  some  new  kind  of  hospital  accommodation  is 
provided  in  the  neighbourhood  of  the  dwellings  of  the  poor,  in 
which  the  more  serious  cases  can  be  treated.  I  think  that,  as 
it  is  in  the  public  interest  that  these  patients  shoidd  be  removed 
from  their  homes,  the  public  should  see  to  it  that  the  interests 
of  the  unfortunate  sufferers  are  protected  in  the  best  way  that  can 
be  devised. 

I  need  not  weary  you  with  any  further  objections  to  the  methods 
suggested  by  this  bill.  I  have  not,  however,  by  any  means 
exhausted  the  subject,  but  I  think  all  that  I  could  say  further  has 
already  been  said  in  letters  to  the  newspapers  and  otherwise.  It 
only  remains  for  me  now  to  suggest  the  remedies  which  I  consider 
best  fitted  to  combat  the  spread  of  the  diseases  in  question. 

In  Glasgow,  I  believe,  the  authorities  will  obtain  tlie  best  obtain- 
able results — 1st.  By  increased  vigilance  in  hygienic  measures,  and 
particularly  in  rooting  out  the  closely  crowded  back  tenements  and 
rookeries  which  still  exist  scattered  here  and  there  throughout  the 
city.  2nd.  By  erecting  in  the  various  parts  of  the  city  from 
which  these  fever  dens  have  been  rooted  out,  model  tenements  of 
houses  for  the  working-classes,  the  topmost  flats  of  these  houses 
to  be  isolated  from  the  dwelling-houses  below,  and  converted  into 
wards  for  the  treatment  of  such  diseases  as  scarlet  fever,  which,  in 
the  experience  of  medical  men,  can  be  treated  in  such  places  with 
perfect  safety  to  the  community,  the  roofs  of  the  houses  being 
utilized  as  airing  and  play-grounds  for  the  children,  where  in  good 
weather  they  may  disport  themselves  in  the  open  air.  I  would 
take  scarlet  fever  as  a  test  case,  because,  as  I  have  already  said,  it 
is  a  well-defined  disease,  which  is  easily  recognised  at  an  early 
period,  and  because  it  is  the  most  deadly  and  dangerous  zymotic 
of  childhood.  Having  selected  that  disease  on  these  grounds,  I 
would  push  every  measure  of  isolation  and  disinfection,  and,  in 
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order  to  reconcile  the  imrents  of  the  child  to  these  measures,  I 
would  not  only  permit  them  to  see  their  children  under  proper 
precautions  to  prevent  contagion,  but  I  would  allow  the  parent 
to  choose  his  own  medical  attendant  if  he  wished  to  do  so.  By 
such  means  the  authorities  could  fairly  test  the  powers  of  such 
measures  as  those  proposed  to  be  exercised  in  this  bill.  I  would 
exclude  measles  and  hooping-cough  from  the  operations  of  this 
Act — Ist.  Because  a  large  percentage  of  the  cases  of  measles  and 
hooping-cough  are  so  mild  in  character  that  they  are  not  recognised 
as  such,  and  no  medical  man  is  sent  for  by  the  parents.  2nd. 
Because,  even  in  well-marked  cases,  even  a  medical  man  cannot  tell 
for  some  days  that  he  is  dealing  with  an  infectious  case,  and  yet 
during  that  period  the  disease  is  infectious.  For  these  reasons,  I 
believe  that  any  attempt  to  deal  successfully  with  measles  and 
hooping-cough  by  the  measures  above  advocated  would  end  in 
failure,  particularly  when  we  consider,  in  the  case  of  hooping- 
cough,  the  very  long  period  which  the  disease  takes  to  run  it« 
course,  and  during  which  it  is  infectious. 

My  last  suggestion  is  that  the  householder  should  be  educated 
to  do  his  own  duty  in  respect  of  notification  of  infectious  disease, 
which  I  am  satisfied  will  not  be  done  if  the  responsibility  is 
thrown  upon  the  medical  man,  and  that  the  money  which  the 
Town  Council  of  Glasgow  intended  to  spend  in  the  remuneration 
of  medical  men  for  their  certificates,  amounting — calculating  it 
on  the  basis  of  what  is  paid  in  Edinburgh — to  at  least  £3,000 
annually,  should  be  expended  in  maintaining  a  staff  of  female 
visitors.  A  certain  number  of  these  female  visitors  might  act  in 
times  of  epidemic  disease  as  matrons  to  the  small  detached 
hospitals  which  I  advocate.  The  duties  of  these  female  visitors, 
and  thoir  value,  may  be  gathered  from  the  following  excerpt, 
which  T  take  from  Mr.  Macleod's  last  report  on  the  operations  of 
the  sanitary  department,  p.  14: — 

"  The  female  visitor — ai)pointed  soon  after  the  extension  of 
"  the  staff  in  1870,  and  placed  amongst  the  lowest  classes  in  every 
"  district  to  instruct  them  as  to  cleanliness  of  person,  children, 

beds,  and  houses,  and  to  point  out  how  they  and  their  children 
**  in  these  resi)ects  may  imitate  and  acquire  the  habits  of  the 

better  class,  and  the  advantages  to  be  derived  by  due  observance 

thereof — when  she  found  slovenly  housekeepers,  giving  them 
"  practical  lessons  in  sewing,  and,  where  required,  in  bed-making, 
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clothea-mending,  and  other  domestic  duties,  pointing  out  the 
*^  propriety  of  making  their  little  homes  as  comfortable  as  possible 
*^  for  their  husbands  and  families,  inculcating  the  benefit  to  be 
"  derived  by  regularly  carrying  out  their  turn  of  cleaning  and 

washing  lobbies  and  stairs  leading  to  their  houses,  noting  down 
"  the  locality,  number  of  inmates  in  each  house ;  in  obstinate 
"  cases  returning  again  and  again,  and,  by  kind  persuasion, 
"  persevering  in  her  instniction  until  her  niin  of  securing  cleanli- 

ness  was  obtained. 

"  She  further  noted  in  her  re^wrt  book  any  defect  or  want  of 
"  convenience,  or  any  case  of  sickness  she  observed,  and  reported 
"  the  same  to  the  district  inspector,  making  herself  generally 
**  useful  and  valuable  in  her  share  of  the  work  of  the  department. 
**  But  unfortunately  these  officials,  getting  better  appointments, 
gradually  resigned,  and  candidates  for  the  vacancies  with  the 
"  proper  qualifications  not  having  presented  themselve.s,  thi* 
"  branch  is  now  closed." 

Here  is  a  noble  occupation  for  those  philanthropic  women 
whose  hearts  bleed  for  the  miseries  of  poor  humanity.  What  an 
incalculable  amount  of  good  could  be  done  by  a  staff  of  educated 
women  devoting  their  lives  in  this  manner  to  the  elevation  of  the 
masses  in  our  crowded  manufacturing  centres.  In  times  of 
epidemic  disease  what  comfort  it  would  bidng  to  many  a  i>oor 
mother's  heart  to  know  that  her  child  would  be  cared  for  by  the 
friend  who  had  been  her  constant  adviser  in  her  domestic  troubles, 
and  whose  kindly  presence  had  cheered  and  encoiuraged  her  in 
many  a  dark  and  despondent  hour.  In  the  life  of  such  a  female 
visitor  the  highest  and  purest  form  of  practical  Christianity  would 
be  exemplified. 

In  conclusion,  in  order  to  effect  any  permanent  good  in  the 
direction  of  stamping  out,  or  even  of  greatly  limiting  the  spread  of, 
zymotic  disease,  or  of  any  preventable  disease,  large  communities 
like  Glasgow  will  find  it  to  be  their  interest  to  agitate  for  a  national 
system  of  sanitary  reform.  In  the  matter  of  sanitation,  the  needs 
of  town  and  country  are  alike.  The  most  urgent  reforms  are  needed 
in  our  methods  of  local  sanitary  administration.  The  local  sanitary 
authorities,  urban  and  rural  alike,  must  not  only  be  differently 
organised,  but  must  be  subjected  to  the  super^4sion  and  control  of 
an  active  and  educated  central  board — not  a  mere  collection  of 
poor  law  officials  like  the  Board  of  Supervision.    The  members  of 
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the  central  sanitary  authority  ought  to  he  men  who,  fi-om  their 
special  knowledge  of  sanitary  science,  are  able  to  diiect  and  guide 
the  local  authorities.  They  should  not  only  have  the  knowledge 
and  exjxjrience  necessary  to  advise  them  wisely,  but  also  the  power 
to  compel  them  to  act  on  the  advice  given.  The  people  of  Scot- 
land have  suffered  too  long  from  the  lethargy  and  incompetence  of 
their  present  sanitary  administrators. 


After  this  paper  was  read  on  Gth  December,  a  discussion  took 
place,  when  Professor  Gairdner,  Dr.  Russell,  and  Mr.  Alexander 
Scott  expressed  their  opinions.  No  report  of  this  discussion  was 
taken;  but  the  discussion  was  resumed  on  20th  December,  of 
which  the  following  is  an  abstract : — 

Dr.  RussELL^ — During  last  session  of  this  Society  I  read  a 
paper  entitled  '*The  Decade  1871-80  in  Glasgow:  a  Sanitary 
Retrospect,"  which  is  printed  in  your  Transactions^  in  which  I 
submitted  statistical  tables  which  proved  that  the  most  marked 
feature  of  the  last,  as  compared  with  the  preceding  ten  years,  has 
been  the  diminished  fatality  of  all  forms  of  infectious  or  zymotic 
diseases.  Only  7  in  place  of  20  persons  out  of  every  10,000  of 
the  population  dieil  of  fever ;  only  1  in  place  of  2  died  of  small- 
pox; only  y  in  place  of  13  died  of  scarlet  fever;  7  in  place  of  8 
of  measles ;  12  in  place  of  15  of  hooping-cough ;  5  in  place  of  6 
of  croup  and  diphtheria;  8  in  both  periods  from  diarrhceal  diseases." 
I  also  showed  that  this  decrease  was  progressive ;  so  that,  in  fact, 
if  we  divided  the  last  ten  years  into  two  periods  of  five,  and 
compared  therewith  the  ten  years  1861-70,  m  the  case  of  every 
one  of  these  diseases  the  last  or  most  recent  period  of  five  years 
showed  the  lowest  mortality.  In  April  of  this  year  I  read  a 
paper  before  the  Epidemiological  Society  of  London  "On  the 
Policy  and  Practice  of  the  City  of  Glasgow  in  the  Management 
of  Epidemic  Diseases,  with  Results  " — the  object  of  the  paper 
being  to  connect  "  the  policy  and  practice  "  with  the  "  results  " 
as  cause  and  effect.  That  paper  will  appear  in  the  next  volume 
of  the  Transactions  of  the  Epidemiological  Society.  Let  me 
briefly  describe  the  policy  and  practice  which  were  fully  developed 
only  during  the  last  five  years  which  yielded  the  best  results. 
The  policy  is  peculiar  to  Glasgow  among  the  cities  and  towns  of 
the  country.     It  is  this.     The  Local  Authority  assumes  the 
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undivided  responsibility  for  the  preventive  treatment  of  all  kinds 
of  infectious  disease.  It  recognises  no  distinction  between  pauper 
and  non-pauper,  between  poor  and  rich.  It  levies  rates  for  sani- 
tary purposes,  and  every  one  living  within  the  area  of  the  rates 
is  invited  or  compelled  to  accept  of  the  hospital,  washing,  and 
disinfecting,  and  other  services  provided  and  maintained  by  the 
rates,  without  special  charge  in  any  case  for  any  part  of  those 
services.  We  remove,  for  example,  and  treat  the  pauper  from 
the  poorhouse,  and  the  servant  or  the  master  from  the  crescent 
or  the  square,  and  no  special  charge  is  made.  I  repeat  that  I 
know  of  no  place  in  the  kingdom  where  this  unity  and  consistency 
of  action  against  infectious  disease  exist. 

Such  being  the  policy,  what  is  the  practice]  Here  it  is 
esi)ecially  necessary  to  be  brief.  I  shall  confine  myself  to  distinct 
statements  made  with  delibemtion  and  a  full  knowledge  of  the 
sanitary  organisation  and  equipment  of  other  towns.  We  have  a 
lai*ge  staff  of  officials  of  all  grades,  who  prosecute  the  various 
departments  of  sanitary  work,  and  ai*e  totally  distinct  from  the 
police  and  the  parochial  functionaries.  Wo  have  the  most  exten- 
sive provision  of  hospital  beds  in  proportion  to  our  population  in 
the  country,  and  we  are  engaged  in  developing  our  hospitals 
further,  in  number  and  in  accommodation  adapted  to  the  social 
status  of  our  patients.  We  are  on  the  eve  of  completing  the 
erection  of  what  will  be,  we  are  told,  the  largest  and  best-equipped 
washing  and  disinfecting  establishment  in  the  three  kingdoms. 
We  have  a  reception-house  for  the  temporary  accommodation  of 
families  living  in  small  houses,  who  have  not  that  facility  at  home 
which  is  requisite  for  changing  their  clothing,  and  remaining 
at  home  while  their  house  is  being  cleaned  and  disinfected. 
Greenock  is  the  only  other  place,  so  far  us  I  know,  where  such 
a  provision  is  made ;  and  we  are  ready  to  extend  this  provision 
to  meet  our  necessities.  The  only  sanitary  institution  in  which 
Glasgow  is  defective  is  in  the  providing  of  mortuaries,  which 
have  not  yet  been  erected,  but  which,  in  the  Bill,  we  bind  our- 
selves to  erect. 

The  daily  work  of  the  department  consists  in  the  systematic 
application  of  this  equipment  to  every  case  of  infectious  disease  of 
the  existence  of  which  we  are  aware,  to  each  in  the  fashion  ap- 
propriate to  the  special  disease  and  to  the  special  circumstances  of 
each  case.  The  inspectors  are  provided  with  leaflets  in  simple 
language.    One,  which  is  put  into  the  hands  of  the  householder  in 
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every  infected  house,  states  the  law  relating  to  infectious  disease, 
and  describes  and  enforces  the  duties  following  therefrom.  Another 
has  special  reference  to  the  preventive  management  of  scarlet  fever. 
In  cases  of  enteric  fever  which  are  being  treated  at  home  under  the 
care  of  persons  who  cannot  afford  to  purchase  disinfectants  for  the 
stools,  these  are  supplied  with  directions  for  their  usa  If  a  case 
of  smallpox  is  found  the  inmates  are  revaccinated,  if  they  will 
submit,  by  the  inspector  who  has  been  trained  by  the  medical  man 
who  acts  as  vaccinator  at  a  vaccinating  station  at  the  sanitary  office 
and  selects  the  lymph  for  the  purpose.  If  there  are  unvaocinated 
children  the  vaccinator  goes  himself  to  the  house  and  vaccinates 
them.  Wherever  children  belonging  to  a  family  infected  with 
an  infectious  disease  of  childhood  are  attending  school  they  are 
warned  not  to  continue  attendance,  and  printed  notices  are  sent  to 
the  school  board  and  to  teachers.  As  soon  as  the  house  is  freed 
of  infection  another  notice  is  sent,  and  until  that  is  issued  it  is 
expected  that  attendance  will  not  be  permitted.  In  every  case  of 
infectious  disease  the  rule  followed  is  that  the  clothing  must  either 
be  washed  at  the  sanitary  washing  house,  or  a  certificate  must  be 
produced  from  a  medical  man,  certifying  that  disinfection  has  been 
carried  out  to  his  satisfaction.  A  similar  course  is  followed  with 
the  house  or  infected  apartment  in  it.  I  ought  to  have  said  that 
by  arrangement  with  the  registrars  a  constant  supervision  is 
exercised  over  the  vaccination  of  all  infants,  and  a  systematic 
search  for  defaulter  is  maintamed,  so  that  there  is  probably  no 
large  city  in  which  the  Vaccination  Act  is  more  thoroughly  enforced 
than  in  Glasgow.  Animal  lymph  is  procured  from  Brussels,  when 
ever  that  will  overcome  objections  on  the  part  of  parents,  but  that 
is  seldom  necessary. 

Such  being  the  machinery  provided  and  maintained  for  the 
prevention  of  infectious  disease  in  Glasgow,  and  such  the  liberal 
policy  pursued  in  its  application,  how  and  to  what  extent  do  we 
discover  the  cases  of  disease  to  which  it  is  to  be  applied) 

(1)  We  know  of  all  deaths,  and  we  do  so  at  once  because  daily 
communication  is  maintained  with  the  registrars.  (2)  Guided  by 
these  deaths  the  inspectoi*s  prosecute  house-to-house  visitation,  and 
so  discover  cases  associated  therewith.  (3)  A  large  number  of 
cases  are  disclosed  by  the  friendly  hints  of  interested  neighbours; 
few  by  the  householders  themselves,  and  those  few  chiefly  by  the 
very  poor,  who  find  that  only  their  infectious  sickness  is  cared  for. 
The  reports  of  such  persons  convey,  in  the  absence  of  a  medical 
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certificate,  only  an  intimation  oi  disease,  the  nature  of  which  we 
must  take  steps  to  determine.  (4)  Eveiy  practitioner  is  supplied 
by  us  with  printed  notices  in  stamped  envelopes  addressed  to  me. 
These  are  used  by  no  inconsidemble  number  of  medical  men, 
especially  the  younger  men,  to  notify  every  case  which  occurs  in 
their  practice.  The  form  bears  that  the  case  "  ought  to  be  removed 
to  hospital,'*  and  the  pi-actitioner  is  requested  to  erase  those  words 
if  he  does  not  desire  removal.  The  large  majority  of  practitioners 
only  notify  rarely.  Some  will  not  notify  in  any  case  but  continue 
attendance  even  in  circumstances  productive  of  great  public  injury. 
Others  find  themselves  in  a  gi-eat  strait  between  the  impulses  of 
their  conscience  and  the  conflicting  interests  of  the  patient,  and 
resort  to  indirect  methods  of  notification — as,  for  example,  by 
anonymous  post-cards  written  by  themselves  or  by  some  third  party. 
Frequently  such  gentlemen — as  well  as  the  younger  men  who 
bravely  notify  all  cases  to  their  gi-eat  personal  discomfort  or  even 
positive  injury,  have  expressed  to  me  their  ardent  desire  that  by 
law  they  should  be  relieved  of  their  mental  discomfort  or  the 
invidious  comparison  with  their  less  dutiful  brethren.  (5)  We 
get  information  also  of  many  cases  of  infectious  disease,  especially 
in  children,  by  printed  forms  supplied  to  the  school  board  oflicers. 

It  is  scarcely  possible  to  estimate  what  proportion  of  the  total 
cases  of  infectious  disease  in  the  city  we  never  discover.  We  may 
say  of  smallpox  and  typhus  a  small  proportion,  of  enteric  fever 
and  the  infectious  diseases  of  children  by  far  the  larger  proportion. 
But  if  we  regard  direct  and  immediate  knowledge,  as  distinguished 
from  knowledge  obtained  indirectly  after  long  delay,  then  but  a 
small  proportion  of  the  cases  of  any  infectious  disease  comes 
promptly  under  our  cognisance. 

Now,  what  are  the  circumstances  under  which  this  great  mass 
of  unknown,  or  imperfectly  known,  disease  exists  in  Glasgow? 
The  section  of  the  Police  Bill  under  discussion  is  that  referring  to 
the  "Prevention  and  Mitigation  of  Disease" — that  is  to  say,  it 
prescribes  what  is  to  be  done  hei-e  and  now  for  the  prevention  and 
mitigation  of  disease  existing  among  the  inhabitants  living  under 
the  physical  conditions  of  the  day.  The  sanitary  circumstance  which 
controls  all  other  in  reference  to  the  spread  of  infectious  disease 
is  the  house  accommodation.  This  gauges  the  relation  of  the  in- 
fected to  the  healthy ;  and,  whatever  may  be  the  nature  and  mode 
of  infection,  this  is  the  cardinal  fact  in  determining  the  chances  of 
infection  being  communicated.    In  Glasgow  30  per  cent,  of  the 
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the  second  live  years  980,  or  15  per  cent,  less,  with  a  larger 
population.  In  the  first  period  23  J  per  cent,  of  the  total  deaths 
took  place  in  hospital,  in  the  second  31^. 

Scarlet  fever  is  another  disease  which  Dr.  Duncan  thinks  is 
entirely  beyond  the  influence  of  practical  sanitation.  Hei-e,  again, 
I  fall  back  upon  what  has  been  done  by  dealing  with  a  small  part 
of  the  total  disease  as  evidence  of  what  might  be  expected  from 
dealing  with  the  whole.  Taking  the  same  periods — in  the  first 
five  yeai-s  3,657  persons  died  of  scarlet  fever  in  Glasgow,  in  the 
last  five  years  only  1,293 — a  decrease  of  no  less  than  64^  per  cent. 
In  the  first  period  only  8i  per  cent,  of  the  total  deaths  took  place 
in  hospital,  in  the  second  period  21  per  cent.  In  the  face  of  such 
facts  as  these,  what  becomes  of  the  argument  that  notification  is 
useless  because  nothing  efifectual  can  be  done  by  the  sanitary 
authority  1 

There  are  one  or  two  matters  to  which  I  shall  ask  your 
indulgence  only  for  a  few  words  of  reference.  I  adhere  with 
emphasis  to  wbat  I  said  after  the  paper  was  read  about  the  milk 
clauses,  and  the  manure  question.  The  sanitary  condition  of  the 
rural  districts  of  Scotland  cannot  be  reformed  in  a  day.  We  wish 
powers  suited  to  the  present,  let  the  distant  future  be  what  it 
may.  Even  if  the  Glasgow  manure  harms  the  ruml  districts,  and 
through  them  harms  us,  still  the  remedy  is  the  removal  of  those 
insanitary  conditions.  But  our  milk  comes  from  regions  far 
beyond  the  reach  of  our  manure,  and  there  is  enteric  fever  over 
the  length  and  breadth  of  rural  Scotland,  in  regions  where  no 
manure  either  of  town  or  village  is  ever  seen.  The  farmer  sufiers, 
as  every  one  does  who  lives  in  such  places  as  Dr.  Duncan 
describes,  and  his  business  occasionally  makes  him  suffer  more 
severely.  I  repeat  that  these  milk  clauses  have  nothing  to  do  with 
panaceas  or  projects.  They  are  intended  to  meet  existing 
emergencies,  and  prevent  or  limit  active  mischief.  And,  I  may 
add,  they  will  be  all  the  more  effective  if  medical  men  will  at  once 
notify  their  cases  of  enteric  fever. 

Dr.  Fergus  said— There  was  an  objection  to  Dr.  Duncan's  paper 
of  a  want  of  practicality.  He  thought  the  paper  was  not  the  only 
thing  that  wanted  practicality.  He  should  like  to  have  a  return 
of  all  the  cases  reijoi-ted  to  Dr.  Littlejohn,  Edinburgh,  and  what 
was  done  with  them.  He  would  also  like  to  know  from  the 
sanitary  authorities  of  this  city  what  they  were  going  to  do  with 
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the  cases  that  were  i-eported.  That  would  be  practical,  and  he  did 
not  think  it  was  fair  to  accuse  a  paper  of  want  of  practicality  unless 
the  party  making  the  accusation  laid  something  more  practical 
before  them,  and  this  he  did  not  think  Dr.  Russell  had  done.  He 
thought  they  should  have  been  told  what  they  were  going  to  do, 
not  only  with  smallpox  and  enteric  fever,  but  with  every  disease 
under  the  schedule,  and  how  it  was  to  be  done.  That  would  have 
been  practical.  He  was  as  anxious  as  any  one  to  stamj)  out  disease, 
and  anyone  who  was  along  with  him  in  the  HealthCommittee,  or  who 
had  had  any  intercourse  with  him  since,  knew  that  what  he  had 
done  in  public  had  generally  had  that  end  in  view ;  and  the  position 
he  took  up  now  on  this  question  was  still  in  the  same  direction. 
He  had  an  idea  that  diseases  could  be  stamped  out;  but  were  the 
authorities  taking  the  best  way  of  doing  it]  Some  people  were 
called  "Amateur  Sanitarians."  He  might  be  ari  amateur,  but  he 
had  been  a  hard-working  one.  He  had  worked  amongst  the  poorest 
of  the  poor  in  Glasgow  for  19  years  as  a  district  surgeon,  and  there 
he  got  his  experience.  He  said — and  he  said  it  from  experience 
— that  anything  like  the  reporting  of  disease  by  the  medical  man 
would  lead  to  the  concealment  of  disease.  He  was  willing,  he  was 
anxious,  to  help  the  municipal  authority  in  every  possible  way  in 
the  stamping  out  of  disease,  but  let  them  go  about  it  in  the  proper 
way.  Though  they  could  not  drive  these  people,  they  were  easily 
led  and  influenced  Such  a  suui  as  £3,000  would  employ  thirty 
additional  inspectors,  going  about  among  them  at  all  times  and 
imder  all  circumstances,  getting  acquainted  with  the  habits,  wants, 
and  modes  of  thought  of  the  poorer  classes,  and  thus  they  could 
get  them  to  do  anything  they  asked. 

During  the  cholera  epidemics  in  Glasgow  inspectors  were 
employed,  but  they  had  not  been  trained  to  the  work,  and  the 
people  had  no  confidence  in  them.  The  result  was  that,  though 
some  did  their  work  well — very  well — othei-s  did  it  very  care- 
lessly. Now,  he  would  most  particularly  direct  their  attention 
to  the  remarks  of  the  Lord  Provost,  which  appeared  in  the  papers 
of  that  day  week.  He  took  the  libei*ty  of  quoting  from  the  same 
book,  and  the  evidence  about  the  same  towns,  which  had  influenced 
his  lordship  and  the  Town  Council  in  coming  to  their  decision.  The 
first  of  the  towns  his  lordship  had  taken  was  Leicester.  Now,  it 
was  a  most  unfortunate  circumstance  that  any  one  desiring  to  urge 
sanitary  reform  should  quote  Leicester  as  an  example,  because 
Leicester,  being  notoriously  the  centre  of  non-vaccinators,  required 
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this  Act  to  stamp  out  smallpox.  Compulsory  notification  by 
medical  men  was  intended  simply  and  solely  to  protect  the 
Leicester  people  from  the  evils  consequent  upon  their  resistance 
to  the  Act  of  Parliament.  Before  leaving  the  subject  of  Leicester 
he  would  like  to  say  that  the  year  before  comptdsion  in  that  town 
the  ordinary  death-rate  was  21*6,  and  the  zymotic  death-rate  2*5. 
In  1880  the  ordinary  death-rate  rose  to  23*1,  whilst  the  zymotic 
death-rate  had  gone  up  to  5*7.  In  1881  the  ordinary  death-rate 
had  fallen  very  nearly  to  its  level,  but  the  zymotic  death-i-ate  was 
4*2.  As  he  had  just  i*emarked,  the  Act  was  simply  obtained  so 
that  Leicester  might  receive  immunity  from  its  own  misdeeds. 

The  next  towns  the  Loixi  Provost  quoted  were  Blackburn  and 
Bradford.  As  to  the  first  they  had  not  a  particle  of  evidence, 
and  as  to  the  latter  he  was  unfortunate  in  another  direction, 
for,  on  reading  his  speech,  it  is  perfectly  obvious  that  he  puts  it 
under  the  category  of  those  places  where  notification  was  com- 
pulsory on  medical  men,  and  such  was  not  the  case;  indeed,  the 
Medical  Officer  of  Health  attributes  the  success  of  the  Act  to  the 
fact  that  notification  is  not  compulsory  on  medical  men.  The 
next  town  he  quotes  is  Birkenliead,  and  that  is  extremely  amusing, 
because  the  Medical  Officer  of  Health  there  (who  had  only  held 
his  appointment  some  three  months)  gives  a  very  enthusiastic 
report,  but  the  Committee  of  Health,  he  was  glad  to  say,  were 
more  cautious.  Liverpool  had  not  adopted  the  Act ;  and,  so  far 
as  Birmingham  was  concerned,  an  excerpt  which  he  read  from  the 
British  Medical  Jounml  showed  that  the  proposal  was  not  adopted 
there. 

He  held  in  his  hand  the  Repoi*t  of  the  Koyal  Commission 
appointed  to  inquire  respecting  smallpox  and  fever  hospitals, 
which  certainly  could  not  be  accused  of  having  taken  evidence  on 
one  side.  The  Commission  comprised — Lord  Blachford,  chau'- 
man ;  Sir  James  Paget,  Mr.  Edward  Leigh  Pemberton,  Sir  Arthur 
Alcock,  Mr.  A  W.  Peel,  Dr.  Alfred  Carpenter,  Dr.  J.  Burdon 
Sanderson,  Dr.  William  Henry  Broadbent,  and  Mr.  Jonathan 
Hutchinson.  After  taking  an  enoiinous  mass  of  evidence  on  both 
sides,  they  came  to  sundiy  resolutions,  one  of  which  was  : — "  We 
think  it,  however,  incumbent  on  us  to  state  that,  in  our  opinion, 
the  prevalence  of  the  disease  in  the  Metropolis  of  which  we  have 
such  deplorable  evidence,  is  due,  far  above  all  other  causes,  to  the 
neglect  of  this  precaution — that  if  the  practice  of  vaccination  were 
general  and  very  careful,  the  liability  of  the  Metropolis  to  serious 
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epidemics  of  smallpox  would  cease — aud  that  the  more  efficient 
administration  of  the  vaccination  laws  is  the  only  effectual  means 
by  which  the  recurrence  of  such  epidemics  as  those  of  the  last 
twelve  yeai-s  can  be  prevented,  or  their  progress  controlled.'' 
Well,  they  had  all  that  in  Glasgow,  and  the  very  improvement 
made  in  Glasgow  in  this  respect — referred  to  by  Dr.  Russell — 
showed  us  that  vaccination  and  revaccination  had  been  successfully 
practised.  Then  the  resolution  the  Commission  came  to  on  this 
special  point  about  the  reporting  of  disease  was  as  follows: — **In 
effect  it  is  only  by  the  medical  attendant,  if  any,  that  the  diseases 
can  be  intelligently  notified,  since  it  is  only  he  who  can  be  pre- 
sumed to  know  what  it  is,  and  who  has  no  interest  in  concealing  it. 
But  it  is  represented  that  to  impose  this  duty  upon  him  directly 
and  unreservedly  would  interfere  with  the  relations  which  ought  to 
exist  between  him  aud  his  patient,  and  might  prevent  the  aid  of  a 
medical  man  being  sought  for  at  all.  If  this  be  so,  it  may  be 
sufficient  that  the  medical  attendant  should  be  required  by  law  to 
furnish  the  persons  in  charge  of  a  patient,  or  the  owner  or  occupier 
of  the  house  in  which  he  lodges,  with  a  certificate  of  the  nature  of 
the  disease,  stating  whether  proper  isolation  can  or  cannot,  in  his 
opinion,  be  secured  without  removal,  and,  when  removal  is  neces- 
sary, stating  also  to  what  extent  the  case  is  urgent  or  severe. 
Every  fresh  case  which  occure,  even  in  the  same  house,  should  be 
the  subject  of  a  fresh  certificate.  The  persons  to  whom  the  certifi- 
cate is  given  should  be  in  like  manner  required  by  law  to  forward 
it  at  once  through  the  Medical  Officer  of  Health,  to  the  hospital 
authority,  to  be  distinguished  from  the  Guardians  or  Poor  Law 
Authority  on  the  one  hand,  and  the  Vestries  or  Sanitary  Authority 
on  the  other,  with  whom  it  would  rest  to  see  that  the  sick  person, 
if  not  properly  isolated,  is  at  once  removed.'' 

Preceptor  Mathieson  said — It  appeai*ed  to  him  that  the  writer 
of  the  paper  was  not  aware  that  the  present  Glasgow  Police  Bill 
was  based  almost  entirely  upon  the  Glasgow  Police  Act  of  1862. 
The  Act  was  passed  under  Provost  Clouston's  regime^  who  had  told 
him  that  it  took  nearly  a  year  to  discuss  it,  and  there  were  then 
the  same  peculiar  proceedings  as  are  haj)pening  now  regarding  the 
present  Bill.  He  thought  that  there  was  no  necessity  for  drawing 
so  much  attention  to  the  Public  Health  Act.  He  might  state 
that  it  was  found  necessary,  under  the  advice  of  the  then  Lord 
Advocate  (Moncrieff),  to  have  a  s[>ecial  Act  for  Glasgow. 
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Dr.  Christie  said  that,  in  the  observations  which  he  had  to 
make  as  to  the  clauses  in  the  new  Glasgow  Police  Bill  which  have 
reference  to  prevention  and  mitigation  of  disease,  he  would  confine 
himself  to  that  clause  which  dealt  with  the  notification  of  infec- 
tious diseases.  Supposing,  then,  there  was  not  a  single  case  of 
infectious  disease  in  the  city,  it  would,  nevertheless,  be  the  duty 
of  the  Local  Authority  to  promote  hygienic  measures  to  root  out 
rookeries,  <fec.,  and  it  might  even  indulge  in  the  employment  of 
a  staff  of  female  sanitary  missionaries.  But,  though  the  attic 
hospitals  of  the  model  tenements  were  an  accomplished  fact,  the 
difficulty  would  still  remain  as  to  their  occupants,  and  the  question 
of  compulsory  notification,  compulsory  removal,  and  compulsory 
residence,  would  crop  up  as  befoi*e.  The  Local  Authority  went 
further,  and  assumed  that,  though  hygienic  measures  were  perfect, 
though  every  rookery  were  rooted  out,  though  they  wei*e  living  in 
Arcadia  or  Hygeia,  they  had  nevertheless  to  do  with  cases  of 
infectious  disease,  whether  they  existed  in  Park  Quadrant  or  the 
Saltmarket.  Infectious  diseases  might  extend  directly  from  the 
house  of  the  rich  man  to  that  of  the  poor,  or  vice  versa.  If, 
then,  it  be  the  fact  that  the  Local  Authority  had  to  do  with 
infectious  disease  per  se  and  directly,  it  followed  that  notification 
in  some  form  or  other  was  necessary.  After  pointing  out  the 
various  ways  in  which  notification  might  be  eflected,  he  said  he 
was  in  favour  of  the  mode  proposed  in  the  Police  Bill.  Legal 
notification  could  be  made  by  a  medical  man,  and  by  a  medical 
man  only.  The  notification  made  by  a  householder  could 
merely  be  notification  of  suspicion.  Were  notification,  therefore, 
laid  upon  the  householder  only,  it  would  be  necessary  for 
the  Local  Authority,  before  it  could  move  one  step,  either  to 
send  the  Medical  Officer  of  the  City  to  certify  the  case,  or  to 
employ  some  other  medical  practitioner  to  do  so.  A  more 
objectionable  method  could  scarcely  be  formulated,  or  one  more 
certain  to  cause  perpetual  friction.  By  the  system  proposed  in 
the  Bill,  every  case  which  had  been  seen  by  a  medical  man  would 
forthwith  be  notified,  while,  by  the  system  proposed  by  the  Faculty, 
those  householders  who  desired  to  conceal  knew  for  certain  what 
they  formerly  only  suspected,  or  perhaps  did  not  even  suspect, 
that  the  case  was  infectious,  and  for  selfish  reasons  they  might 
defer  delivering  their  certificate. 

Dr.  Christie  also  called  attention  to  the  Norwegian  method  of 
dealing  with  contagious  diseases.    The  sanitary  organisation  of 
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Norway  dates  from  May,  1860,  so  that  ample  opportunity  has 
been  afforded  for  testing  the  working  of  the  system.  When  a 
pai'ent  or  householder  has  in  his  residence  a  case  of  contagious 
disease  he  must  report  the  fact  at  once  to  the  President  of  tlie 
Board  of  Health.  The  attending  physician  is  also  required  to 
report  such  cases.  When  a  case  of  contagious  disease  is  notified, 
the  physician  attending  may  advise  its  removal  to  hospital.  In 
this  case  an  order  is  at  once  issued,  and  the  sick  pei*son  is  at 
once  taken  to  hospital;  his  clothing,  bedding,  &c.,  are  disinfected 
by  dry  heat,  and  the  room  is  disinfected  by  burning  sulphur.  If 
the  attending  physician  does  not  desire  the  removal  of  the  patient 
to  hospital,  he  confers  with  the  city  physician,  or  health  officer, 
who  has  discretionary  powers ;  but,  in  cases  of  smallpox  or  typhus, 
it  is  rare  to  permit  the  patient  to  remain  out  of  hospital. 
Christiania,  the  capital,  has  the  most  ample  hospital  accommoda- 
tion for  each  class  of  patients,  the  hospitals  for  smallpox,  cholera, 
typhus,  scarlet  fever,  and  measles,  being  each  separate  and 
distinct.  There  is  also  an  hospital  where  persons  suspected  of 
having  contracted  a  contagious  disease  can  be  kept  under 
observation  without  exposing  them  to  danger. 

In  1874  very  stringent  regulations  were  made  as  to  disinfection, 
isolation,  <fec.,  and  the  result  has  been  a  diminution  of  the  zymotic 
death-rate  by  about  one-half — the  contrast  between  the  two 
decades,  1860-69  and  1870-79,  being  very  remarkable. 

The  system  has  worked  well  in  Norway  for  a  quarter  of  a 
century,  and  it  will  do  so  also  in  this  country,  notwithstanding 
the  hundreds  of  plausible  objections  which  may  be  urged  agauist 
it,  in  common  with  all  other  schemes  for  the  public  go(J(l. 

Dr.  Morton  objected  to  the  proposed  clauses.  He  had  known 
Glasgow  for  many  years,  first  as  a  student  and  then  as  a  practi- 
tioner, and  they  had  had  epidemics  for  two  or  three  years,  in  a 
great  measure  due  to  privation,  up  till  the  year  1847.  Since  that 
period  Glasgow  might  be  said  to  have  been  comparatively  free  of 
typhus  fever — at  all  events,  so  much  so  that  some  practitionera 
educated  within  the  last  eight  or  ten  years  did  not  actually 
know  a  case  of  typhus  when  they  saw  it,  and  even  then  he 
had  the  greatest  difficulty  in  persuading  them  that  it  was  a 
case  of  typhus.  He  could  state  that  from  personal  experience, 
and  he  believed  that  one  of  his  colleagues  took  his  students  to 
Belvidere  Hospital  regularly  for  the  purpose  of  enabling  them 
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to  know  the  disease  when  they  met  witli  it.  He  held,  as  regards 
compulsory  notification  of  disease,  that  the  oniis  of  proof  rested 
upon  those  who  proposed  this  method.  Dr.  Littlejohn  (the  Edin- 
burgh Medical  Officer  of  Health)  had  written  letters  informing  them 
of  the  brilliant  results  that  had  followed  compulsory  notification, 
but  on  looking  at  the  mortality  table  during  the  last  three  years, 
the  deaths  from  infectious  diseases,  instead  of  decreasing,  had 
greatly  increased.  Now,  he  did  not  at  all  mean  to  say  that  the 
increase  was  due  to  compulsory  notification,  but  on  comparing 
statistics,  it  had  not  been  shown  to  be  a  good  thing  in  regard  to 
Edinburgh.  In  Bradford,  Norwich,  and  Nottingham,  where  the 
notification  was  by  the  householder,  who  received  a  certificate  of 
the  disease  from  the  doctor,  the  plan  had  been  found  to  work  well. 
He  maintained  that  the  benefits  of  compulsory  notification  had  not 
been  proved  to  be  of  any  special  use,  but  they  had  evidence  (from 
the  towns  just  alluded  to)  that  that  form  of  notification  worked 
remarkably  well.  They  shoidd  try  that  system  first,  and  if  it 
failed,  then  let  them  try  direct  notification  by  the  medical  man. 
As  to  the  question  of  finding  suitable  hospital  accommodation,  it 
was  quite  obvious  that,  if  a  patient  had  to  be  removed,  it  should  be 
at  as  short  a  distance  and  as  speedily  as  possible.  They  should,  as  Dr. 
Christie  mentioned,  have  separate  hospitals  for  sepai-ate  diseases. 

Dr.  Ebenezeb  Watson  said  that,  on  rising  to  speak  in  regard 
to  this  question,  he  felt  at  a  great  disadvantage,  because  the  gentle- 
men who  had  spoken  had  made  a  speciality  of  sanitary  medicine, 
while  the  nature  of  his  practice  debarred  him  from  seeing  much  of 
this  class  of  diseases.  Neveilheless,  he  was  much  interested  in  the 
subject  He  was  very  much  pleased  to  hear  the  account  which  Dr. 
Russell  had  given  of  the  sanitary  machinery  in  Glasgow.  However, 
Dr.  Kussell  seemed  to  admit  that  it  was  a  difficult  thing,  even 
a  dangerous  thing,  for  practitioners  to  notify  disease,  and  that 
where  it  had  been  done  it  was  to  the  disadvantage  of  the 
practitioners  themselves.  This  was  a  very  serious  matter,  especially 
to  the  younger  members  of  their  profession  and  to  those  who  were 
practising  in  the  pooi*er  parts  of  the  city.  A  curious  circumstance 
had  occurred  to  himself,  which  he  thought  would  illustrate  several 
points  in  this  argument.  A  few  years  ago  his  family  resided  at 
the  coast  on  the  Firth  of  Clyde,  and  it  so  happened  that  an 
epidemic  of  scarlet  fever  arose  in  the  village.  He  was  first  taken 
to  see  one  of  the  children  of  the  better  class  that  was  attacked 
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with  the  malady.  The  hoiise  in  which  th(j  cliild  lay  was  au 
excellent  one,  and  possessed  a  considei-able  acreage  of  ground.  He 
saw  the  patient,  and  was  afterwards  asked  to  see  some  of  the 
children  in  the  village  who  were  suffemig  from  the  disease  under 
very  different  sanitaiy  circumstances.  Ho  communicated  the 
matter  to  the  doctor,  who  lived  at  some  distance,  and  that  gentle- 
man was  most  courteous  and  attentive.  On  visiting  the  poorer 
children  he  pointed  out  to  the  people  in  charge  what  they  should 
do  in  the  way  of  sanitary  matters.  One  of  the  cases  was  in  the 
provision  shop  of  the  little  village,  and  he  had  great  difficulty  in 
making  the  mother  believe  that  her  child  had  the  disease.  She 
resisted  all  his  endeavours  to  get  the  child  removed,  and  the 
disease  spread,  perhaps  from  that  focus,  to  a  considerable  extent. 
"WeU,  now,  what  did  I  get  for  all  my  trouble  ?  Why,  the 
greatest  possible  ill-will  and  impertinence  from  the  people.  I 
really  never  was  so  ill-used  in  all  my  life;  and  if  I  had  been  a 
practitioner  there  they  might  not  have  left  me  then,  but  they 
would  have  had  an  ill-feeling  towards  me,  and  thereby  placed 
me  imdar  gi*eat  disadvantage.*' 

The  great  objection  to  the  medical  clauses  in  the  new  Police 
Bill  was  not  the  smallness  of  the  fees — although  they  were 
small  enough — nor  was  it  the  trouble  to  the  doctor,  because  he 
thought  that  was  a  very  slight  consideration ;  but  it  was  that 
there  certainly  would  be  concealment  of  disease  whenever  the 
doctor  was  looked  upon  as  a  spy.  The  little  story  which  he  had 
told  them  showed  how  readily  infectious  disease  would  be  con- 
cealed, and  how  the  doctor  would  be  regarded  if  he  repoi-ted  it. 
He  thought,  therefore,  if  this  matter  was  to  be  re-discussed 
anywhere — whether  in  the  House  of  Commons  or  elsewhere — 
that  should  be  taken  very  seriously  into  consideration.  He  did 
not  think  that  Preceptor  Mathieson  and  othera  had  remembered 
that  it  was  not  one  or  two  medical  men  who  spoke  against  this 
compulsory  notification  by  the  doctor,  but  that  almost  the  whole 
of  the  profession  had  spoken  or  wi'itten  agauist  it 

Mr.  J.  Cleland  Burns  expressed  himself  strongly  in  favour 
of  notification  of  disease.  In  the  •  event  of  the  householder 
being  bound  to  give  the  notification,  he  should,  he  thought,  bo 
required  to  produce  a  certificate  from  the  medical  man.  He 
maintained  that  the  public  must  be  protected  by  a  proper  medical 
certificate. 
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The  Chairman  thought  the  feeling  of  the  Society  was  that  notifi- 
cation of  some  sort  was  necessary,  or,  at  all  events,  advisable,  in 
the  interests  of  the  public ;  but  there  was  a  difference  of  opinion  as 
to  whether  it  should  be  made  by  the  liouseholder  on  the  certificate 
of  a  medical  man,  or  by  the  medical  man  himself.  For  his  part, 
he  was  of  opinion  that  if  notification  by  medical  men  were  universal 
the  feeling  against  it  might  pass  away.  With  regard  to  the  city 
manure,  he  would  like  Dr.  Duncan,  in  his  reply,  to  state  whether 
he  had  actual  knowledge  of  the  fact  that  it  had  produced  typhoid 
fever  in  the  case  of  farms. 

Dr.  Eben.  Duncan,  in  i-eplying,  said  he  would  like,  in  the 
first  place,  to  put  himself  right  with  the  City  Authorities.  He  had 
been  connected  with  Glasgow  all  his  days,  and  had  its  interests  as 
much  at  heart  as  Preceptor  Mathieson  or  Dr.  RusseU,  and  what  he 
had  endeavoured  all  through  his  paper  was  to  show  the  City  in 
a  most  favourable  light.  He  had  also  deinonstmted  that  in  the 
statistical  tables,  given  in  his  pamphlet,  viz.,  that  Glasgow  compared 
most  favourably  with  all  otlier  cities  in  which  notification  had  been 
enforced.  Dr.  Bussell  had  stated  that  they  could  not  treat  a  case 
of  typhoid  fever  in  a  house  of  two  or  three  apartments.  After  an 
experience  of  twenty  years,  and  after  having  paid  great  attention  to 
typhoid  fever,  he  was  prepared  to  say  he  could  do  so  without  danger 
to  the  citizens.  He  also  pointed  out  that  this  fever  is  frequently 
treated  in  the  wards  of  general  hospitals,  and  never  gives  rise  to 
epidemics  of  typhoid  among  the  patients  of  these  hospitals — in  fact, 
rarely  spreads  at  all  by  atmospheric  contagion — where  any  care  is 
taken  in  the  removal  and  disposal  of  the  excreta  of  the  patient. 
This  brought  him  to  another  point,  which  was  that  at  the  present 
moment  medical  students  in  Glasgow  had  no  opportunity  of  being 
taught  the  character  of  these  diseases  which  they  (the  Authorities) 
wished  to  enforce  notification  of  Dr.  Christie  had  mentioned  the 
case  of  Christiania,  where  every  kind  of  disease  was  treated  in 
separate  hospitals,  but  in  Glasgow  we  have  no  such  separate 
hospitals.  His  remarks  about  the  existing  arrangements  for  the 
treatment  of  fever  in  Glasgow  had  been  called  in  question.  What 
he  desired  to  see  in  Glasgow  was  a  system  like  that  adopted  by 
the  authorities  of  Christiania.  He  was  quite  sure  that  any 
system  of  notification  would  be  a  dead  failure  if  they  did  not  make 
the  hospital  accommodation  of  a  kind  that  would  be  suitable  for 
the  public  and  to  which  they  would  readily  go.  It  had  also  been 
Vol.  XIV.  i 
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said  that  he  was  a  little  inaccurate  iii  regard  to  the  milk  question. 
When  he  inquired  at  those  who  made  this  objection  what  action 
they  could  take  to  prevent  danger  arising  from  cases  of  fever,  the 
very  existence  of  which  they  knew  nothing  of  until  it  was  revealed 
by  the  Glasgow  epidemics,  he  was  informed  that  the  Glasgow 
Authorities  were  apprised  of  the  cases  of  typhoid  which  occurred 
in  the  neighbouring  dairy  farms,  by  the  sanitaiy  inspectors  of 
those  districts,  so  that  they  could  prevent  the  danger  from  arising 
by  the  help  of  the  proposed  milk  clauses.  He  had  taken  the 
trouble  to  inquire  at  medical  officers  of  health  in  five  of  the 
adjoining  paiishes,  and  they  had  informed  him  that  in  no  instance 
did  they  or  their  sanitary  inspector  ever  certify  a  case  of  fever 
to  the  Glasgow  Authority,  unless  in  the  comparatively  rare  cases 
in  which  the  patient  required  to  be  removed  to  the  Glasgow  Fever 
Hospital.  Even  in  these  cases  it  took  eight  or  nine  days  before 
it  was  really  known  to  be  typhoid,  so  that  a  considerable  time 
elapsed  before  the  sanitary  authorities  could  get  certain  know- 
ledge that  it  was  really  so.  These  facts  bore  out  what  was  said 
in  his  pamphlet.  As  to  the  manure  question,  he  had  taken 
considerable  interest  in  regard  to  that  manure  depot  which  is 
situated  at  the  head  of  Eglinton  Street.  He  had  attended  cases 
which  he  was  quite  sure  were  caused  by  particles  emitted  from  the 
manure,  and  other  medical  men  in  the  neighbourhood  of  it  could 
bear  testimony  to  this.  As  regai*ds  the  farms  in  the  country,  they 
had  diseases  springing  up  in  remote  country  districts  where  no 
possible  chance  of  contagion  could  be  thought  of,  and  there  was 
no  doubt  that  particles  of  the  contagious  matter  of  typhoid  fever 
and  other  diseases  were  sent  to  the  rural  districts  in  the  manure, 
which  they  received  not  only  from  Glasgow,  but  also  from  the  other 
towns  and  villages  of  Scotland,  without  any  attempt  at  disinfec- 
tion* He  had  given  evidence  as  to  this  in  the  House  of  Commons 
six  years  ago,  and  read  a  paper  on  it  before  the  Philosophical 
Society  two  years  ago.  It  had  been  said  he  recommended  a  foolish 
system  in  advocating  that  Fryer's  appliances  should  be  employed 
to  render  the  manure  innocuous;  but  he  would  point  to  the  fact 
that,  where  these  had  been  in  use  in  the  great  towns  of  the 
midland  counties  of  England,  extremely  successful  results  had  been 
brought  about.  He  thought  the  meaning  of  the  word  "  sporadic  " 
was  not  clearly  understood .  Sporadic  cases  were  not  groups  of  cases 
in  epidemics,  but  only  occasional  scattered  cases,  having  no  apparent 
connection  with  each  other.    In  conclusion,  he  said  that  he  had 
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never  objected  to  the  principle  of  compulsory  notification  of 
infectiouB  diseases;  but  he  held,  in  the  fii^t  place,  that  the  house- 
holder should  be  educated  to  do  his  own  duty  in  notifying;  and, 
in  the  second  place,  that  the  private  medical  attendant  should  be 
consulted  in  any  question  of  removal  to  hospital.  He  did  not 
think  that  it  was  right  that  such  important  matters  should  be  left 
entirely  to  officials.  He  tliought  that  the  21,000  medical 
practitioners,  who  had  the  care  and  responsibility  of  attending 
to  the  interests  of  the  sick  of  the  nation,  shonld  still  retain  some 
interest  and  responsibility  in  the  sanitary  arrangements  whicli 
affected  their  patients.  Any  legislation  which  did  not  provide  for 
this  would  be  against  the  interests  of  progressive  sanitation,  and 
greatly  against  the  welfare  of  the  public. 
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XII. — The  Ships  atid  Shipping  Trade  oj  Greal  Britain.    By  Mr. 
Nathaniel  Dunlop,  Shipowner. 


[Read  before  the  Society,  14th  February,  1883.J 


Subbed. — The  subject  of  the  paper  which  I  venture  to  read  to 
you  is,  Ancient  and  Modem  Ships,  with  special  reference  to  the 
applications  of  science  in  their  structui*e  and  outfit,  to  which  is 
added  a  chapter  on  the  influence  of  legislation  upon  shipping ;  the 
value  to  the  country  of  its  foreign  tmde  and  maritime  commerce ; 
and  tlie  necessity  of  special  protection  being  provided  for  the 
nation's  shipping. 

1. — Ancient  and  Modern  Ships  and  their  Recent  Appliances 
IN  Navigation. 

It  cannot  fail  to  have  struck  even  the  most  superficial  observer 
to  what  a  wonderful  extent  science  has  been  applied  during  the  last 
few  years  in  the  various  walks  of  commerce. 

Within  very  recent  times  the  man  of  science  occupied  a  place 
apart  from  those  who  carried  on  the  great  industries  of  the  country. 
Filling  a  chair  or  other  special  post  of  learning,  his  investigations 
and  discoveries  were  confined  to  his  laboratory  or  his  study, 
and  the  insults  of  his  labours  were  generally  regarded  as  more 
curious  than  practically  useful.  His  expositions  filled  ur  with 
astonishment,  for  he  showed  to  us  the  hidden  causes  of  effects  with 
which  we  were  familiar ;  but  liis  deep  insight  into  the  nature  of 
things  was  seldom  regarded  as  available  in  practical  everyday  work. 

All  this  is  changed  ;  the  man  of  science  has  a  place  in  all  our 
important  occupations.  No  manufactory  or  industry  of  note  is 
without  its  scientific  expert,  and  the  progress  and  prosperity  in 
recent  times  of  the  greater  industiies  of  this  country  can  be  traced, 
if  not  entirely,  at  least  in  a  large  measure,  to  some  new  discovery 
or  application  of  chemical  or  mechanical  science. 


Mr.  Nathaniel  Dunlop  on  Ships  and  Shipping  Trade,  133 

The  discoveries  of  the  chemist  which  led  to  the  recent  develop- 
ment of  our  mineral  oil  trade,  of  the  manufacture  of  coal  tar  dyes, 
with  its  allied  printing  and  dyeing  industries,  of  our  alkali,  our 
sugar,  and  our  steel  works,  will  occur  to  your  minds  as  testifying 
to  the  truth  of  this  observatioiL 

Shipping,  in  common  with  the  other  great  industries  of  the 
country,  has  shared  in  the  benefits  conferred  on  trade  by  the 
achievements  of  scientific  men. 

It  is  mainly  owing  to  improvements  in  the  material,  the  structure, 
and  the  machinery  of  our  ships  that  this  country  stands  foremost 
among  the  nations  in  its  mercantile  marine. 

The  tonnage  of  the  British  Empire  reached,  at  the  close  of  1881, 
the  enormous  figure  of  8,575,660  tons — a  figure  only  some  two 
millions  less  than  the  tonnage  of  all  the  other  maritime  nations  put 
together ;  that  of  the  United  Kingdom  alone  was  6,641,267  tons, 
to  which  about  half-a-million  tons  has  been  added  in  1882.  But 
the  magnitude  of  the  nation's  shipping  is  very  imperfectly  expressed 
by  these  figures ;  the  greatly-increased  power  for  work  of  modem 
vessels  has  to  be  taken  into  account  in  forming  a  conception  of  its 
greatness  and  of  its  progress. 

The  changes  that  have  taken  place  in  the  course  of  time  in  the 
form  and  structure  of  ships  are  very  striking,  and  yet  it  will  be 
seen,  when  ancient  and  modern  ships  are  compared,  that  there  are 
still  ix)ints  of  close  resemblance  between  them,  and  excellences  in 
ancient  ships  that  we  continue  to  copy. 

You  will  understand,  however,  that  we  can  only  to-night  give  a 
passing  glance  at  some  of  the  more  prominent  features  of  this 
great  subject. 

Forma  of  Ancient  Ships. — I  have  tried  to  figure  on  these  sheets* 
that  are  suspended  on  the  walls  some  of  the  earliest  types  of  vessels 
of  which  we  have  any  record  in  ancient  history.  I  don't  think 
there  is  higher  authority  than  a  poet's  dream  for  the  first  rough 
sketch  that  may  be  described  as  the  dawn  of  shipping.  But  if  the 
early  races  of  mankind  needed  any  hint  from  the  lower  creation 
in  the  formation  of  vessels,  I  can  imagine  that  the  argonaut  and 
the  squirrel  might  be  suggestive  to  them. 

The  coracle  which  is  rudely  figured  here,  borne  on  the  back  of 
one  of  our  barbarian  ancestors,  dates  back  as  far  as  the  history  of 
our  own  primitive  countrymen  can  be  traced,  and  in  shape  is  not 
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unlike  a  marine  shell.  It  was  made  of  skins,  stretched  over  a 
frame  of  wood  or  wicker  work.  With  boats  of  this  structure,  but 
larger,  our  hardy  forefathers  navigated  our  shores,  crossed  to  Ire- 
land, and  occasionally  to  Gkul. 

It  has  been  remarked  as  a  singular  fact,  that  the  Indians  of 
North  America,  as  well  as  the  early  inliabitants  of  Europe,  were 
also  known  to  have  made  and  used  similar  boats;  and  what  is  even 
more  remarkable  is,  that  the  coi-acle  may  still  be  seen  for  sale  in 
the  windows  of  our  rubber  manufacturers,  but  made  on  scientific 
principles,  inflated  rubber  taking  the  place  of  skins. 

Inflated  skins  made  to  sustain  a  swimmer,  and  similar  boats 
drawn  by  a  swimmer,  as  shown  in  the  early  Nineveh  sculptures, 
would  be  the  corresponding  invention  of  a  i-ace  living  in  an  -inland 
country  of  warmer  temperature,  and  with  only  river  navigation. 

As  warlike  instincts  developed,  the  ci*aft  used  for  transport 
increased  in  size,,  and  bad  improved  propelling  power,  the  plain 
paddle  used  directly  in  the  hand  giving  place  to  the  more  scientific 
oar  used  as  a  lever. 

The  ambition  to  build  ships  of  vast  dimensions,  with  which  we 
are  familiar,  is  a  very  ancient  weaknesa  As  far  back  as  the  year 
220  RC,  the  great  galley  of  Ptolemy  Philopator  was  built.  This 
vessel,  of  which  a  sketch  is  on  the  wall,  is  supposed  to  have  been 
about  420  feet  long,  and  57  feet  broad,  and  to  have  had,  when 
fully  manned,  about  4,000  rowers.  Such  vessels  as  these  were, 
however,  too  cumbrous  for  use,  and  were  intended  rather  for  show 
on  great  occasions. 

The  idea  of  the  "  ram,"  which  has  been  adopted  in  our  modern 
war  vessels,  had  its  origin  in  these  early  ships  of  war. 

The  use  of  sails  as  a  means  of  propulsion  was  undei*stood  at  a 
very  eai'ly  period  in  the  Mediterranean,  but  for  centuries  it  seems 
to  have  been  confined  to  single-masted  vessels  having  a  single  sail, 
square  in  form,  and  requiring,  when  set,  a  fair  wind,  well  astern. 
The  vessels  by  which  Caesar  transported  his  troops,  when  he  in- 
vaded Britain,  55  and  54  b.c.,  were  probably,  the  larger  of  them, 
vessels  of  this  kind  ;  the  most  considerable  may  have  been  about 
100  tons  register,  flat-bottomed,  and  of  light  draught  of  water. 
The  fleet  also  contained  numerous  vessels  of  smaller  size,  barges, 
and  war  galleys. 

The  discovery,  late  in  the  thirteenth  century,  of  the  mariner's 
compass,  gave  new  life  to  navigation.  Oversea  voyages  could  now 
be  undertaken  with  confidence,  and  ships  adapted  to  such  service 
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came  to  be  built.  A  drawing  exists  of  a  Genoese  vessel  of  the 
year  1542,  having  three  masts,  and  rigged  veiy  like  modem 
ships. 

In  our  own  country  we  had  made  considerable  progress  in  the 
construction  of  ships,  particularly  in  war  craft.  The  Galleasse^ 
of  which  this  is  a  drawing,  is  a  formidable  vessel  of  her  kind, 
armed  with  cannon,  and  propelled  by  many  rowers,  and  having  a 
powerful  ram  in  front,  similar  to  that  in  the  ancient  war  galley 
built  1,700  years  earlier.  This  GaUeasse  was  one  of  the  vessels 
built  to  defend  our  coasts  in  the  time  of  Henry  the  Eighth  (1546). 

But  the  Great  Harry^  built  by  his  predecessor,  Henry  the 
Seventh,  is  a  much  more  imposing  vessel,  and  in  its  time  helped 
"  to  frighten  our  enemies."  She  was  said  to  have  cost  tlui  nation 
£14,000;  the  cost  of  a  modem  man-of-war  is  said  to  approach 
£600,000. 

Towards  the  end  of  the  fourteenth  and  early  in  the  fifteenth 
centuries,  good  sea-going  craft  combining  the  fore-and-aft  and 
square-sail  rigs  were  common — vessels  of  about  200  tons  burden, 
that  could  beat  to  windward  and  keep  the  seas  in  all  weathers. 

In  one  of  these,  named  the  TF.  Matthew,  of  Bristol,  Sebastiano 
Cabot,  an  English-bom  Venetian,  in  1497  discovered  Newfound- 
land. The  discoveries  of  America  by  Columbus,  1492,  and  the 
voyages  about  the  same  period  by  Vasco  de  Gamma  to  Africa  and 
India,  round  the  Cape  of  Good  Hope,  gave  a  great  impetus  to 
shipping  adventure,  and  to  improvement  in  shipbuilding,  in  which 
the  British,  Spanish,  Portuguese,  and  Dutch  were  all  competitors. 

Tlie  Dutch,  early  in  the  seventeenth  century,  claimed  the 
mastery  of  the  seas,  and  overawed  the  British.  Our  merchant 
traders  had  much  difficulty  in  establishing  themselves  in  the  east 
It  is  recorded  that  out  of  eighty-six  ships  which  were  despatched 
to  India  between  1600  and  161G,  by  the  company  of  ti-aders 
known  as  the  English  East  India  Company,  to  whose  entei^prise 
England  owes  its  India  Empire,  eleven  were  sui-prised  and  seized 
by  the  Dutch.  The  kind  of  ship  with  which  the  Dutch  carried  on 
their  trade  and  maintained  their  supremacy  is  figured  in  this 
drawing,  and  an  able-looking  craft  she  is. 

But  the  British  East  Indiaman,  of  which  this  is  a  drawing, 
followed,  and  speedily  assei-terl  her  superiority. 

The  material  of  which  vessels,  up  till  this  time  and  down  to  a 
very  recent  period,  were  constructed,  was  wooil,  fastened  together 
with  bolts  of  wood,  iron,  and  copper. 
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The  ravages  of  marine  boring  worms  were  prevented  by  covering 
the  bottoms  with  metallic  sheathing.  Lead  in  very  early  times 
was  used,  later  copper  was  employed,  and  latterly  and  still  an 
alloy  of  copper  and  tin,  chemical  science  having  shown  that  this 
composition,  called  yellow  metal,  was  well  adapted  for  the  purpose. 
By  the  slow  formation  of  oxide  of  copper  on  its  surface,  marine 
grasses  were  prevented  from  adhering,  and  the  boring  worm, 
with  which  most  seas,  but  specially  tropical,  abound,  could  not 
penetrate  the  metal. 

The  marine  animals  wliich  foul  ships'  bottoms  and  retard  their 
progress  are  different  from  the  boring  worm,  the  teredo.  They  are 
various  forms  of  balanua  and  bamacles. 

Modern  Ships, — The  use  of  iron  as  a  building  material,  together 
with  the  steam-engine  as  a  propelling  power,  brought  about 
enormous  changes  in  the  size  and  stmcture  of  ships. 

The  common  use  of  iron  for  the  frames  and  plates  of  ships 
belongs  to  the  last  thirty-five  years,  but  we  have  evidence  that  it 
was  used  in  the  constmction  of  canal  boats  as  early  as  the  year 
1818.  I  have  here  the  model  of  what  I  believe  to  ]>e  the  first  iron 
vessel  built  in  this  country.  The  ViUcan  was  built  in  1818  in 
Glasgow,  and  was  used  on  the  Forth  and  Clyde  Canal.  She  took 
about  ten  months  to  build,  was  65  feet  long,  1 1  feet  broad,  and 
the  same  depth,  and  carried  150  passengers  with  their  baggage  on 
a  draught  of  4  feet.  It  is  interesting  to  contrast  her  model  with 
one  of  the  modem-sized  iron  or  steel  steamers.  You  have  here 
(pointing  to  models),  placed  side  by  side,  models  made  to  the  same 
scale,  J  of  an  inch  to  the  foot. 

As  the  Clyde  district  was  foremost  in  the  use  of  iron  as  a  ship- 
building material,  so  also  was  it  first  in  the  successful  application 
of  steam  for  the  propulsion  of  passenger  vessela  I  do  not  refer 
here  to  the  experimental  stage  of  steam  propulsion,  in  which 
Miller,  Taylor,  and  Symington  were  engaged,  but  to  the  part 
Henry  Bell  took  in  it  when  he  placed  the  steamer  Comet  on  the 
Clyde  as  a  passenger  steamer  in  the  year  1812,  and  so  introduced 
steam  navigation  into  Britain. 

The  Comet  was  40  feet  long,  10^  broad,  and  of  25  tons  register. 
She  was  built  by  John  &  Charles  Wood  of  Poi-t-Glasgow,  and 
engined  by  Anderson  &  Campbell  of  this  city.  Other  steamers 
speedily  followed — James  Watt's  firm,  Bolton  &  Watt,  becoming 
famous  as  ship  engineers. 

We  are  all  so  familiar  with  ships  in  their  various  stages  of 
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construction,  that  we  are  apt  to  overlook  the  wonderful  fitness  of 
their  parts  to  tlie  purposes  which  they  are  meant  to  serve.  Con- 
tining  our  attention  for  a  moment  to  iron  as  the  material  of  which 
they  are  built,  we  shall  see,  if  we  are  observant,  that  the  forms 
given  to  the  metal  are  carefully  calculated  to  give  the  required 
strength  to  the  structure  with  the  least  possible  weight  of  material 

The  angle-iron,  of  which  the  frames  are  formed,  and  the  bulb  T 
iron  used  for  the  beams,  are  very  wonderful  examples  of  lightness 
combined  with  strength  in  the  directions  of  the  strains  to  which 
they  are  to  be  subjected.  Besides  this,  they  are  singularly  con- 
venient forms  for  the  attachment  of  the  parts  usually  united  to 
them.  The  angle-iron  is  doubled  in  its  rigidity  by  placing  two 
together,  as  is  commonly  done,  and  the  free  leaf  of  each  gives 
easy  and  secure  attachment  to  the  outside  plating  and  the  inner 
ceiling  of  the  ship.  The  angle-iron  also  is  easy  of  manufactui-e  at 
the  works,  and  of  manipulation  in  the  building  yard. 

The  plates  which  enter  most  largely  into  the  stmcture,  besides 
forming  an  outer  watertight  skin,  are  variously  distributed  with 
surpassing  skill,  so  as  to  give  their  greatest  strength  in  the  line 
of  the  strains.  Some  of  our  more  eminent  shipbuilders,  by  means 
of  their  scientific  stafi",  take  great  pains  to  calculate  and  to  provide 
against  the  strains  that  each  separate  part  of  the  stiiicture  is 
required  to  bear  under  the  varying  conditions  of  loading  and 
motion  when  at  sea;  and  to  the  calculations  of  some  of  these 
scientific  men  do  we  owe  several  of  the  recent  important  improve- 
ments that  have  been  made  in  shipbuilding.  Prominent  among 
these  is  the  gi^eat  firm  of  William  Denny  ifc  Brothers,  Dumbarton, 
who,  to  the  ordinary  equipment  of  a  shipbuilding  and  engineering 
work,  have  added  a  scientific  stafi',  with  Mr.  William  Denny  as  its 
directing  head.  This  scientific  department  is  possessed  of  appli- 
ances for  testing  the  qualities  of  materials  of  every  kind,  and  will 
shortly  have  an  experimental  tank  of  vast  dimensions  wherein  to 
conduct  experiments  for  determining  the  best  forms  of  ships  for 
jmrposes  of  commerce.  Great  results  vdW  doubtless  flow  ivom 
these  investigations.  The  nanie  of  Mr.  William  Denny  is  already 
associated  with  important  improvements  in  ship  structure. 
Although  the  bracket  system  of  double  bottoms,  now  so  common, 
had  its  origin  in  the  yard  of  Austin  &  Hunter,  Sunderland,  aided 
by  some  of  Lloyd's  experienced  men,  the  system  was  taken  up  with 
such  intelligence  and  energy  by  Mr.  Denny  that  he  has  come  to  be 
identified  with  it.    To  him  also,  I  believe,  we  are  greatly  indebted 
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for  the  practice,  as  part  of  the  regular  work  of  the  advanced  ship- 
builder, of  making  progressive  trials  of  ships  to  determine  the 
power  expended  at  various  speeds.  The  data  thus  obtained,  when 
analysed  and  classified,  enable  the  shipbuilder  to  predict  the  speed 
and  consumption  of  fuel  of  new  vessels. 

The  accuiticy  with  which  a  ship's  speed,  and  coal  consumption, 
and  capacity,  and  stability,  and  draft  of  water  when  laden,  can  all 
be  foretold  before  she  has  been  built  is  perfectly  wonderful  On 
these  points  there  need  now  be  no  uncertainty,  and  numerous 
examples  of  this,  dniwn  from  the  experience  of  shipowners,  could 
easily  be  adduced. 

The  substitution  of  steel  for  iron  as  the  shipbuilding  material 
is  a  recent  outcome  of  science.  The  regenerating  furnace  of  Dr. 
Siemens,  and  the  skill  of  the  chemist,  by  whose  aid  the  elements 
of  steel  are  now  easily  blended  together  in  due  proportions,  have 
enabled,  the  manufacture  of  this  article  on  a  large  scale  to  be 
carried  on  under  conditions  that  at  once  secure  a  uniform  quality 
in  the  metal,  and  its  production  at  a  moderate  price. 

A  couple  of  yeai-s  ago  it  would  have  interested  you  to  examine 
the  strength  and  pliability  of  this  metal,  but  now  it  is  so  common 
as  to  have  lost  its  novelty.  But  some  of  you  may  yet  like  to  see 
how  steel  may  be  bent  cold  without  breaking,  and  the  recollection 
of  this  may  lend  confidence  to  you  in  the  strength  of  the  ship, 
when  you  are  travelling  by  sea  in  a  Clyde-built  steel  steamer. 

The  samples  of  steel  which  I  show  you  were  taken  from  the 
plates  used  in  the  building  of  the  first  steel  steamer — the  Buenos 
Ayreaii — built  for  the  Atlantic  trade,  and  which  it  fell  to  my  lot 
to  have  contracted  for.  She  was  built  by  Messrs.  Deimy  of  Dum- 
barton. The  steel  was  manufactured  by  the  Steel  Company  of 
Scotland. 

Enghies  of  Ships. — Passing  from  the  hull  of  the  ship  to  the 
engines,  let  us  look  for  a  moment  at  what  science  has  done  for  us 
in  the  engine  department.  Here  a  progress,  more  striking  even 
than  anything  we  have  yet  pointed  to,  may  be  marked. 

The  non-condensing  indirect-acting  engine  of  the  early  inventors 
has  given  place  to  the  direct-acting  condensing  engine ;  the  single 
expansion  to  the  compound,  for  which  we  are  mainly  indebted  to 
Randolph,  Elder,  &  Co.;  and  i-ecently  Mr.  Kirk,  of  Robert 
Napier  &  Sons,  has  shown  that  a  triple  expansion  of  steam  is  at 
once  possible  and  economical.  The  ordinaiy  jet  condenser  has 
l)e('n  displaced  by  th(»  iiupi-oved  surface  condenser,  by  means  of 
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which  the  condensed  steam  is  returned  as  fresh  water  to  the  boiler, 
effecting  a  great  economy  in  fuel,  and  the  low  pressui-e  of  the  old- 
fashioned  boiler  is  exchanged  for  the  high  pressure  of  the  modem. 
Engines  that  in  olden  times  wrought  with  steam  at  a  pi'cssure  of 
20  or  25  lbs.,  now  work  at  80  or  90  on  the  square  inch.  All 
these  advances  have  had  for  their  end  the  obtainment  of  power  at 
reduced  cost,  and  ai-e  the  fruits  of  scientific  labour.  It  would 
occupy  too  much  time  to  dwell  on  details,  many  of  which  of  the 
broader  and  more  important  class  will  suggest  themselves  to  your 
own  minds ;  but  it  may  be  interesting  to  glance,  in  passing,  at 
one  or  two  of  the  less  prominent,  and  yet  most  interesting  ex- 
amples of  scientific  appliance  in  the  engine  and  boiler  room.  The 
marine  governor,  contiived  to  prevent  the  racing  of  the  engines, 
is  a  beautiful  application  of  nature's  law  of  gravitation.  Thei-o 
are  various  kinds  in  use ;  that  now  before  you  is  a  combination  of 
the  ball  and  fly-wheel  governor  and  may  be  studied  in  the  model 
upon  the  table. 

Preservation  of  Boilers, — The  destruction  of  boilei*s  by  rapid 
corrosion  in  parts  exposed  to  galvanic  action,  has  recently  been 
almost  perfectly  overcome  by  a  new  and  clever  use  of  zinc  and 
copper  within  the  boilers.  We  owe  the  new  form  of  this  pro- 
tector to  one  of  the  members  of  the  Philosophical  Society,  who 
is  well-known  to  you.  I  refer  to  Mr.  Hannay,  associated  with 
Mr.  David  Johnstone,  the  Allan  Line  maiine  engineer,  the  latter 
of  whom  has  given  the  invention  practical  effect.  The  invention 
has  been  patented  by  Mr.  Hanna}',  for  the  benefit  of  both  gentle- 
men, and  is  rapidly  going  into  use.  It  consists  of  zinc  balls  with 
a  rod  of  copi)er  passing  through  the  centre  of  the  balls  to  which 
copper  wires  are  attached.  When  in  use  these  wires  are  connected 
by  solder  to  the  parts  of  the  boiler  most  subject  to  attack,  with  the 
result  that  the  boiler  and  its  tubes  are  completely  protected  from 
pitting.  The  oxygen,  which  would  have  combined  with  the  iron  or 
steel,  is  taken  up  by  the  zinc,  and  this,  owing  to  its  ball  form, 
decays  slowly,  so  that  its  preservative  action  continues  through  a 
whole  voyage.  One  of  the  balls,  with  its  copper  core  and  connec- 
tions, is  shown  upon  the  table,  and  one  that  has  served  its  purpose, 
and  is  considerably  decayed,  is  also  exhibited.  Mr.  Hannay  has 
furnished  me  with  a  most  interesting  description  of  his  invention, 
and  of  the  process  of  reasoning  by  which  he  arrived  at  it.  It  is 
too  long  to  read,  but  the  following  extract,  descriptive  of  the 
finished  invention,  will  interest  you. 
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Hannay's  EUctrogen, — "By  the  use  of  this  simple  apparatus, 
the  internal  shell  of  the  boiler  is  made  the  negative  electrode  of  a 
galvanic  couple,  and  the  evolution  of  hydrogen,  which  takes  place 
at  the  surface  of  the  iron,  renders  corrosion  impossible.  The 
protection  is  as  thorough  when  the  boiler  is  cold  as  when  in  use, 
so  that  a  boiler  may  be  left  full  of  water  for  any  period  without 
fear  of  rusting.  The  apparatus  is  very  simple,  and  can  be  applied 
by  any  one.  The  zinc  sphere  is  hung  in  any  convenient  manner 
in  the  water  in  the  boiler,  and  the  wires  attached  to  it  are  soldered 
to  any  part  of  the  shell  or  tubes.  When  any  part,  such  as  the 
furnaces,  shows  decay,  the  application  of  a  wire  of  the  Electrogen 
to  the  part  will  immediately  arrest  corrosion.  Tubes  which  were 
already  far  gone,  and  would  have  required  immediate  renewal,  have 
by  this  apparatus  been  preserved  in  use.  When  scale  gathers  on 
the  iron  the  hydrogen  evolved  by  the  use  of  the  Electrogen  causes 
it  to  blister  and  i)eel  off  before  it  becomes  thick  enough  to  be 
deleterious,  so  that  this  apparatus  keeps  the  boiler  in  thorough 
order.  Its  low  price  renders  it  the  cheapest  protective  yet  devised. 
An  experiment  to  show  the  action  of  the  Electrogen  may  be  made 
in  the  following  manner : — A  glass  vessel,  such  as  a  large  tumbler, 
is  two-thirds  filled  with  hydrochloric  acid  (spirit  of  salt),  and  two 
clean  rods,  one  of  iron  and  the  other  of  zinc,  are  placed  in  it. 
Both,  if  kept  apart,  will  rapidly  dissolve,  with  biisk  evolution  of 
hydrogen.  Bring  now  the  two  rods  into  contact  at  the  upper 
ends,  and  it  will  be  seen  that  the  evolution  of  gas  from  the  zinc 
rod  will  instantly  cease,  while  that  from  the  iron  rod  will  be  as 
brisk,  or  brisker,  than  before.  But  it  vrill  be  found  that  the  zinc 
rod  is  being  rapidly  dissolved,  while  the  iron  rod  (from  which  the 
gas  is  coming)  remains  perfectly  unacted  upon  as  long  as  any  zinc 
remains.  This  illustrates  both  the  protection  of  the  iron  in  an 
acid  liquid,  and  the  evolution  of  hydrogen,  which  throws  off  the 
scale." 

Preservation  of  Propeller  Blades, — Another  i-ecent  application 
of  the  same  idea  is  worthy  of  mention,  and  is  the  invention  of 
Mr.  J ohnstone.  It  is  well  known  that  propeller  blades  corrode 
with  amazing  rapidity  at  the  back  part  of  the  blade  near  the  point, 
and  this  corrosion  limits  the  life  of  an  iron  or  steel  blade  to  a  very 
short  period.  Mr.  Johnstone  has  contrived,  by  means  of  a  revolv- 
ing emery  wheel,  loosely  hung,  to  polish  rapidly,  and  at  the  cost 
of  a  few  hours'  labour,  the  ends  of  his  blades  to  brightness,  and 
thereafter  they  are  easily  coated  with  block  tin,  and  so  protected 
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firom  the  corrosive  action  to  which  they  are  exposed  when  in  rapid 
motion.  This  invention,  at  present  on  its  trial,  bids  fair  to  be  a 
suooesB. 

Use  of  Lignum  VikP. — One  of  the  simpler,  but  to  me  most 
attractive  things  in  the  moving  parts  of  the  machinery,  is  the  use 
of  lignum  vitaj  and  of  white  metal  in  bushe.*?.  I  think  it  was  to 
Penn  that  we  owe  the  happy  thought  that  "  wood  "  lignum  vitie 
would  be  found  to  w^ear  longer  than  metal  under  water  in  the 
stem  bush  in  which  the  propeller  shaft  revolves.  Nothing  has 
yet  been  discovered  to  equal  lignum  vitaB  for  this  purpose ;  and  I 
saw  recently  in  the  works  of  D.  tV  W.  Henderson  an  improved 
application  of  it  to  rudders.  If  it  succeeds  we  shall  hear  no  more 
of  the  i-apid  decay  of  pintles  and  gudgeons  of  rudders  in  ships. 
The  mdder  is  hung  by  rings  fitting  into  recesses  like  those  of  a 
thrust  block,  and  placed  high  above  water,  for  easy  access  and 
repair,  and  the  pintles,  carefully  covered  -svith  brass,  move  under 
water  in  lignum  vita?  bushes.  My  only  fear  is  that  the  point  of 
junction  l>etween  the  brass  and  iron  may  be  subject  to  rapid  decay 
from  galvanic  action. 

I  need  not  refer  to  white  metal  beyond  remarking  the  fact  that 
a  metal  so  soft  that  it  can  almost  be  scratched  with  the  finger  nail 
is  now  found  to  be  the  best  and  most  enduring  material  to  sup- 
port the  friction  of  the  crank  pins  and  other  large  moving  surfaces 
in  marine  engines.  The  process  of  reasoning  hy  which  this  fact 
was  reached  must  take  a  very  high  place  in  mechanical  science. 

Use  of  Steam  Power  in  Loading. — The  us(>  of  steam  power  in 
the  minor  operations  of  a  ship  deserves  a  passing  notice.  For 
many  years  engines  were  stai-ted  by  hand,  now  a  donkey  engine 
does  the  work.  All  hands  in  olden  times  used  to  be  called  to  the 
pumps  in  an  emergency ;  but  in  iron  ships  leakage  seldom  occurs, 
and  when  it  does,  the  donkey  engine  or  the  main  engine  does  the 
work.  The  ship  that  formerly  requinid  four  men  at  the  wheel  to 
steer  is  now  steered  by  steam,  the  wheel  being  so  easily  moved 
that  the  finger  of  a  child  could  do  it.  Sail  is  set,  cargo  loaded  and 
discharged,  anchor  lifted,  and  even  food  Ls  cooked  by  steam.  As 
a  proof  of  the  extraordinary  expedition  with  which  cargo  can  be 
discharged  and  loaded  on  board  a  well-contrived  ship,  I  may  men- 
tion that  as  much  as  7,000  tons  of  cargo  and  coals  have  been 
discharged  and  loaded  at  Glasgow  in  the  steel  steamer  I  have 
alluded  to  in  the  short  space  of  four  days,  working,  of  course,  con- 
tinuously. 
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Steam  Injector, — Another  interesting  application  of  steam  Las 
attracted  notice.  I  refer  to  the  injector,  or  inspirator,  as  it  is 
sometimes  called,  by  means  of  which  water  is  injected  into  a  boiler 
against  the  steam  pressure  of  the  boiler,  and  this  by  the  direct 
action  of  steam  taken  from  the  boiler  into  which  the  water  is 
forced.*  It  is  important  that  questions  concerning  steam  be 
speedily  settled,  for  we  are  told  that  we  are  soon  to  see  the  steam- 
engine  only  in  our  museums,  exhibited  as  a  curiosity,  the  work  of 
a  past  age,  the  conversion  of  water  into  steam  having  proved  a 
roundabout  way  of  obtaining  expansive  power,  and  a  waste  of 
fuel.  The  new  motive  power,  w^e  are  told,  is  to  be  gas,  produced 
directly  from  the  coal,  and  expanded  on  the  spot  in  a  suitable 
engine,  some  modification  of  the  existing  gas  engine.  I  hope,  for 
the  sake  of  shipowners  who  have  invested  their  means  in  steamers, 
that  the  change  may  come  by  slow  degrees,  giving  time  for  a 
gi*adual  transformation  of  the  vessels.  I  have  not  referred  to  the 
electric  light,  but  it  also,  as  you  know,  has  its  place  on  board  ship. 

Leaving  the  subject  of  the  hull  and  engines  of  vessels,  I  shall 
briefly  refer  to  some  of  the  applications  of  science  in  connection 
with  their  navigation. 

Sir  IT.  Thomson* s  Compass. — Foremost  among  the  more  modern 


•  I  beUeve  the  principle  of  this  inspirator  was  some  years  ago  explaiucd 
before  this  Society ;  and,  if  I  understand  what  was  then  said,  it  was  that 
the  steam  which  forced  on  the  column  of  water  was  applied  to  a  greater 
area  of  surface  than  that  which  met  the  resistance  at  the  point  of  entrance 
into  the  boiler — that,  in  short,  tlie  stream  of  water  was  like  a  wedge,  the 
force  which  drove  it  forward  being  applied  to  the  thick  end  while  the  thin 
end  entered.  Before  I  had  heard  of  that  explanation  I  had  been  examining 
the  action  of  the  injector,  and  trying  with  my  imperfect  knowledge  to 
understand  its  seeming  impossibility,  and  the  conclusion  at  which  I  arrived 
was,  that  the  steam  pressure  upon  the  injected  column  of  water  was  aug- 
mented by  the  atmospheric  pressure  on  this  column,  that  pressure  which 
causes  the  feed  water  to  rise  from  its  tank  and  fill  the  vacuum  produced 
within  the  body  of  the  injector;  and  these  combined  pressures— that  of  the 
steam  acting  on  the  colunm  of  water,  and  the  atmospheric  pressure  also 
acting  thereon--overcame  the  single  pressure  of  the  steam  within  the  boiler, 
and  so  forced  in  the  water.  My  idea  still  is  that  this  explanation  is  the 
right  one,  and  that  it  had  escaped  the  observation  of  the  inventor.  It  is  a 
bold  thing  for  me  to  hold  an  opinion  upon  such  a  question  different  from 
that  of  experts ;  but  I  mention  the  matter  in  the  hope  that  some  day  we 
may  have  a  short  demonstration  from  some  of  our  many  skilled  members 
who  hold  the  contrary  opinion,  that  the  first-named  explanation  is  the 
correct  one. 
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examples  of  applied  science,  I  would  make  mention  of  the  coInpa^iH 
and  sounding  machine  of  Sir  William  Thomson. 

Happily  for  the  present  age,  Sir  William  Thomson  has  devoted 
some  of  his  energies  to  the  solution  of  problems  aftecting  everyday 
work  and  life.  The  service  he  has  rendered  to  electric  science 
has  been  lai'gely  instrumental  in  bringing  the  most  widely  sepa- 
rated places  within  speaking  distance  of  one  another,  transforming 
the  whole  system  of  business  operations  throughout  the  world. 
The  changes  in  the  methods  of  commerce  that  have  resulted  fixjm 
the  use  of  trans-ocean  cables  may  be  judged  from  the  fact  that 
much  of  to-morrow's  business  in  Americii,  India,  Australia,  and 
New  Zealand,  has  been  ordered  and  regulated  fi-om  British  count- 
ing-houses to-day. 

The  compass  and  sounding  machine  which  Sir  William  has 
given  to  ships,  although  apparently  insignificant,  being  simply 
improvements  upon  previously  existing  compasses  and  machines, 
are  in  reality  such  vast  improvements  as  to  take  rank  among  the 
highest  scientific  inventions. 

I  recollect  Sir  William's  earliest  communications  to  this  Society 
of  the  result  of  his  experiments  with  the  small  needle  magnets  that 
move  his  compass  card.  He  had,  before  experimenting,  reasoned 
that  the  disturbance  to  which  all  compasses  wei*<>  subject,  and 
which,  in  iron  ships,  rendered  them  untnistworthy,  were  greatly 
aggravated  in  the  old-fashioned  compass  by  the  mass  of  the  needle, 
and  his  experiments,  extending  over  three  yeai-s,  proved  the  truth 
of  his  reasoning. 

He  showed  that  the  weight  of  the  needles  and  card  of  the 
ordinaiy  compass  speedily  blunted  the  centre  point  on  which  the 
card  moved,  and  retarded  its  motion.  He  further  showed  that 
the  large  size  of  these  needles  required  a  correspondingly  large 
power  in  the  magnets,  and  in  the  boxes  of  soft  iron  chain  which 
in  iron  ships  had  to  Ixj  placed  near  them  to  con-ect  their  errors 
of  deviation,  arising  from  the  attractive  influence  of  the  ship's 
hull;  and  further,  that  these  coixectors,  while  only  partially 
effecting  their  purpose,  destroyed  in  a  great  degree  the  sensibility 
of  the  needles.  Such  compasses  were  often  steady,  because  they 
turned  with  the  ship,  instead  of  pointing  noi-th  when  the  direction 
of  the  vesBeFs  head  was  changed. 


*  Specimens  of  the  most  recent  form  of  both  the  compass  and  the  sonnd- 
iog  machine  were  exhibited. 
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The  compass  which  I'esulted  from  Sir  William's  researches  is 
marvellously  perfect  in  all  its  parts.  The  outer  edge  of  the  card 
is  supported  on  a  thin  rim  of  aluminum,  the  inner  parts  on  thirty- 
two  silk  threads  stretched  from  the  rim  to  a  small  central  boss  of 
aluminum.  This  boss,  which  has  a  hole  in  the  centre,  i-ests  on 
the  projecting  lip  of  a  small  aluminum  invei-ted  cup,  mounted  with 
a  sapphire  cap,  which  rests  on  a  fixed  iridium  point.  The  needles 
are  eight  in  number,  exceedingly  small — two  or  three  inches  each 
— placed  side  by  side,  a  little  apart,  fixed  on  two  parallel  silk 
threads  which  are  nicely  attached  to  the  aluminum  rim.  The 
whole  weight  of  the  compass  card  of  10  inches  diameter,  with  its 
needles,  is  only  1 90  gi'ains.  This  extreme  lightness  reduces  friction 
to  a  minimum,  and,  owing  to  the  distribution  of  its  weight,  the 
vibrational  period  of  the  card  is  longer  than  that  of  the  ordinary 
compass.  As  a  consequence  of  this,  and  of  an  ingenious  contrivance 
recently  added  for  suspending  the  compass  so  as  to  prevent  tremor, 
the  tendency  which  belongs  to  compasses  generally  to  take  an 
oscillating  motion,  when  the  ship  is  moving  in  a  sea  way,  is 
destroyed,  and  thus  the  compass  preserves  its  steadiness  under 
conditions  which  would  render  the  ordinary  compass  unsteady  and 
unreliable. 

The  small  size  of  the  needles  and  the  means  provided  by  Sir 
William — the  result  of  careful  calculation — to  perfectly  correct  the 
disturbances  caused  l)y  the  attractive  force  of  the  ship,  admit  of 
the  compass  being  made  absolutely  correct  at  the  time  and  place 
of  adjustment,  and  to  remain  perfectly  sensitive  to  every  change 
of  position  of  the  ship's  head.  The  advantages  of  these  conditions 
to  the  navigator  arc  very  great  indeed. 

It  would  be  wrong  to  expect  that  this  compass,  once  corrected, 
will  continue  to  point  true  to  the  north  in  the  same  vessel  in  all 
latitudes.  What  it  promises  and  fulfils  with  absolute  certainty  is 
this,  that  it  will  retain  its  power  and  inclination  constantly  and 
readily  to  point  towards  the  north,  but  it  will  also  continue  to  be 
subject  to  every  new  disturbing  influence  that  may  arise,  and  on 
these  occasions  will  with  equal  certainty  tell  the  observing  mariner 
that  there  is  a  disturbing  influence  at  work  calling  for  vigilance 
and  care. 

After  crucial  tests  the  compass  of  Sir  William  has  been  adopted 
in  the  Royal  Navy,  as  well  as  in  that  of  Fmnce,  and  its  value  as 
a  steering  compass  was  experienced  in  the  recent  naval  action  at 
Alexandria.    It  has  been  told  that  while  other  compasses  were 
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i-endered  almost  useless  from  oscillation  produced  by  the  discharge 
of  the  heavy  guns,  this  compass  remained  unaffected,  even  during 
the  continuous  firing  of  the  80-ton  guns,  and,  as  a  steering  compass, 
was  found  perfectly  i*eliable  throughout  the  whole  action. 

It  will  be  in  your  recollection  that  a  number  of  the  ships  were 
kept  moving  about  while  engaging  the  forts,  and  so  escaped  injury 
from  the  shot  of  the  enemy.  Doubtless,  when  the  full  history  of 
the  engagement  is  recorded,  it  will  be  found  that  the  possibility  of 
safely  performing  these  evolutions  in  the  limited  space  to  which 
the  vessels  were  necessarily  confined,  was  in  no  small  degree  owing 
to  the  steadiness  and  accumcy  of  their  compasses,  which  enabled 
the  vessels  to  be  steered  and  kept  in  their  courses,  so  as  to  avoid 
collisions  and  grounding  during  the  engagement.  If  my  conjecture 
be  true — and  it  is  not  without  some  foundation — then  these  com- 
passes of  Sir  William  Thomson  will  claim  no  inconsidemble  share 
in  the  honours  of  the  tight. 

Sir  W,  Thoms<yn^8  Sounding  Machine. — The  sounding  machine 
is  a  fit  companion  of  the  compass.  The  object  sought  in  it  is  to 
enable  soundings  to  bo  taken  while  a  ship  is  in  motion,  even  at  full 
speed,  and  this  it  completely  accomplishes. 

The  "  sounding  weight "  is  a  cast  iron  rod,  22  lbs.  weight;  this 
carries  with  it  a  brass  chamber  to  receive  a  glass  tube,  open  at  the 
lower  end,  and  closed  at  the  upper.  The  inside  of  the  tube  is 
coated  with  a  preparation  of  chromate  of  silver,  a  solution  sensitive 
to  the  action  of  salt  water.  The  line  is  made  of  pianoforte  wire, 
capable  of  supporting  a  weight  of  240  lbs.  without  breaking,  and 
yet  80  fine  that  it  gives  little  or  no  frictional  resistance  in  the  water, 
either  in  its  descent  to  the  bottom,  or  when  being  drawn  on  board. 
The  line  is  wound  upon  a  reel,  fitted  with  a  self-acting  brake,  so 
contrived  that  when  the  weight  touches  bottom  the  revolution  of 
the  reel  stops,  and  the  line  is  ready  to  be  hauled  on  board.  A  dial 
fixed  upon  the  reel  shows  how  much  line  has  gone  out,  and  approxi- 
mately, yet  with  considemblc  accuracy,  the  depth  of  the  sounding, 
allowance  being  made  for  the  angle  from  the  taflrail  of  the  ship  to 
the  bottom. 

But  the  actual  sounding  is  found  when  the  glass  tube  comes  up ; 
as  it  descended  the  water  rose  in  the  tube,  recording  on  the  sensitive 
inner  surface  the  height  to  which  it  ascended — this  height  is 
determined  by  the  depth  of  the  water  through  which  the  tube  has 
passed,  the  air  within  the  tube  regulates  the  height  the  water  may 
rise  in  it    Each  fathom  of  water  displaces,  by  upward  compression, 

Vol.  XIV.  K 


146 


Philosophical  Society  of  Glasgow, 


a  portion  of  the  air  within  the  tube,  and  so  the  amount  of  compres- 
sion being  shown  on  the  tube,  the  number  of  fathoms  of  depth  of 
water  may  be  measured.  For  this  purpose  a  scale  is  provided  to 
which  the  tube  is  applied,  and  which  shows  the  exact  value  in 
fathoms  of  the  section  of  the  tube  that  has  been  discoloured  by  the 
salt  water. 

I  hope  I  have  by  this  description  succeeded  in  making  it  plain 
to  you.  I  have  seen  this  machine  in  use  at  sea  with  the  vessel 
going  full  speed,  and  can  testify  to  its  sufficiency.  I  should  add 
that  the  steel  sounding  wire  is  preserved  from  rusting  by  placing 
it  in  lime  water  when  not  at  .use. 

By  the  guidance  of  the  compass  and  the  sounding  machine  which 
I  have  been  describing,  I  have  known  this  season  of  a  steamer 
being  safely  navigated  through  a  channel  abounding  with  dangers — 
neither  sun  nor  shore,  although  the  latter  was  near,  being  seen  for 
three  whole  days. 

Use  of  Sextant — But  another  and  most  important  scientific  aid 
to  the  navigator  is  the  sextant,  an  instrument  for  measuring  the 
height  of  the  sun  or  other  heavenly  body  above  the  horizon.  The 
instnmient  is  furnished  with  two  small  mirrors,  one  fixed,  the  other 
movable,  the  latter  being  attached  to  a  movable  limb.  The  mirrors 
are  so  placed  that  when  an  observer  looks  through  the  eye-glass 
also  attached  to  it  towards  an  object  in  the  heavens,  the  object  is 
seen  reflected  from  the  movable  upon  the  fixed  mirror,  and  in  its 
actual  position ;  the  limb  to  which  the  movable  mirror  is  fixed  is 
then  moved  along  a  graduated  scale  (thus  changing  the  position  of 
this  mirror)  until  the  reflected  image  of  the  object  is  brought  down 
to  the  horizon,  the  extent  to  which  the  limb  has  been  moved  to 
efiect  this  change  is  read  ofl*  upon  the  graduated  scale,  and  is  the 
height,  expressed  in  degrees,  of  tlie  heavenly  body  above  the  horizon. 

A  chronometer,  with  which  all  shij)s  are  provided,  enables  the 
observer  to  fix  the  exact  time  at  Greenwich  at  which  this  altitude 
of  the  heavenly  body  was  observed,  and  from  these  data,  the 
mariner  is  able,  with  the  assistance  of  certain  tables  and  simple 
methods  of  calculation,  in  which  he  is  instructed,  to  determine 
with  absolute  accuracy  the  ship's  position,  and  to  lay  it  down  upon 
his  chart. 

How  NaxUical  Observations  arc  lalm, — For  the  benefit  of  those  present 
who  have  not  given  any  attention  to  this  subject,  I  will  endeavonr,  in  a 
popular  way,  to  explain  the  principle  upon  which  the  observationa  of  the 
mariner  proceed. 
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Th«  globe,  and  the  chart,  which  is  an  expansion  of  the  globe  on  a  tiat 
nulace^  arf,  as  yon  know,  marked  with  lines  of  latitude  and  longitude. 

The  lines  of  latitude  run  east  and  west,  parallel  to  the  equator ;  those  of 
longitade  run  north  and  south,  crossing  those  of  latitude,  and  converging 
to  the  poles.  The  latitude  of  a  place,  or  a  position  at  sea,  is  its  distance, 
ezpresaed  in  degrees  north  or  south  of  the  equator.  Its  longitude  is  its  dis- 
tance, east  or  west,  from  a  line  passing  through  the  Observatory  at  Green- 
wioh. 

Ton  will  understand  that  if  we  can  say  that  a  ship  is  upon  a  certain  line 
of  latitude  and  a  certain  line  of  longitude,  we  fix  one  special  point  upon  the 
globe  or  chart  at  which  she  is,  being  the  point  at  which  these  two  lines 
meet. 

The  sailor,  then,  has  to  tind  his  latitude,  and  he  proceeds  to  do  it  by 
maMuring,  by  means  of  his  sextant,  the  sun's  meridian  altitude. 

If  we  imagine  a  line  to  pass  through  the  centre  of  the  earth  from  pole  to 
pole,  and  to  continue  into  the  heavens  until  it  reached  the  pole  star,  and  if, 
in  imagination,  one  could  stand  at  the  north  pole,  he  would  perceive  that 
■tar  to  be  in  the  zenith,  right  overhead. 

Then,  if  we  imagine  a  person  to  be  standing  at  the  equatorial  line  and 
looking  northward,  the  pole  star  will  appear  to  him  to  be  upon  the  horizon; 
and  if  he  looked  up  he  would  sec,  right  overhead,  some  other  star  which 
wonld  correspond,  in  his  case,  to  the  pole  star  in  the  case  of  the  man  we 
have  imagined  standing  at  the  north  pole. 

Now,  if  the  person  we  have  placed  standing  at  the  equator  walk  one 
degree  north,  the  pole  star,  which  was  on  the  horizon  when  he  stood  at  the 
equator,  will  appear  to  be  one  degree  above  the  horizon,  ami  the  star  which 
was  overhead  will  appear  to  have  sunk  one  degree  backwards. 

If  he  advance  two  degrees  north,  the  pole  star  -will  appear  to  have  risen 
two  degrees,  and  so  on  till,  when  he  has  reached  the  pole,  it  will  be  right 
overhead,  which  would  be  90  degrees  from  the  equator. 

It  follows  from  this  that  if  the  navigator,  standing  upon  the  deck  of  his 
Tesael,  can  get  a  sight  of  the  polo  star,  and  can  measure  the  height  it  is 
above  the  horizon,  making  duo  allowance  for  the  distance  which  it  is  known 
to  be  away  from  the  true  north,  he  has  an  accurate  measurement  in  degrees 
of  the  distance  he  is  north  of  the  equator. 

The  obaervation  for  longitude  is  dififerently  made,  and  its  principle  is  as 
follows:— 

The  earth  revolves  round  its  axis  in  24  hours,  and  gives  the  sun  the 
appearance  of  travelling  once  round  the  earth  in  that  time,  from  east  to  west ; 
and,  as  there  are  360  degrees  in  the  circle  of  the  earth,  the  sun  will  seem  to 
pass  over  360  degrees  of  longitude  in  24  hours,  180  in  12  hours,  90  in  G 
hoars,  45  in  3  hours,  and  1  in  4  minutes. 

The  chronometer,  of  which  I  have  spoken,  is  an  accurate  time-keeper  and 
is  set  to  Greenwich  time,  which  means  that  at  12  noon  the  sun  had  reached 
its  meridian  altitude  at  Greenwich. 

Now,  if  a  navigator  were  finding  that  the  sun  had  reached  its  meridian 
altitude  at  his  ship  at  a  time  when  the  chronometer  showed  the  hour  to  be 
3  o'clock  in  the  afternoon  at  Greenwich,  it  would  follow  that  the  ship's  time 
was  3  hours  later  than  Greenwich,  and,  as  we  have  seen  that  3  hours 
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represent  45  degrees,  aud  the  suu  seems  travelling  westwards,  it  follows  that 
the  ship  is  45  degrees  west  of  Greenwich  ;  and  thas,  by  two  observations, 
he  has  ascertained  his  position. 

For  simplicity  I  have  taken  two  different  kinds  of  observation,  bnt 
obviously  both  cannot  be  taken  simultaneously,  as  the  sun  and  star  are  not 
visible  at  the  same  time. 

In  practice,  the  navigator  ascertains  the  apparent  time  at  ship  at  8  o'clock 
in  the  morning,  and  for  latitude  he  takes  the  sun's  meridian  altitude,  and 
he  calculates  from  these  observations  his  ship's  position. 

It  is  wonderful  to  see  the  degree  of  accuracy  with  which  a  good  observer 
can  fix  his  ship's  position,  and  guide  her  course.  Not  long  ago  I  was  on  an 
ocean  steamer  bound  for  St.  John's,  Newfoundland.  The  entrance  to  the 
harbour  is  very  narrow,  so  narrow  that  a  chain  used  occasionally  to  be 
stretched  across  it  to  bar  the  entrance  ;  it  is  called  the  hole  in  the  wall." 
No  observation  had  been  got  for  about  thirty-six  hours,  but  the  fog  which 
prevented  it  having  lifted,  land  was  seen  about  ten  miles  off.  By-and-by  it 
was  identified,  and,  to  the  delight  of  the  passengers,  it  was  perceived  that 
the  ship  had  all  day  been  steering  straight  for  the  opening  of  the  harbour, 
and  did  not  require  to  alter  lier  course.  An  experienced  voyager,  a  military 
officer,  spoke  of  this  nautical  feat  as  shot  f  red  from  Cape  Clear  which 
struck  the  hiilVs  eye  at  Newfoundlaml .'^ 

h  the  Sailing  Ship  to  goi — The  question  is  sometiines  asked, 
**  Is  the  sailing  ship  doomed  to  extinction  V  According  to  many 
its  days  were  long  ago  numbered,  and  the  yearly  diminishing  ton- 
nage of  sailing  ships  encouraged  this  belief ;  but  at  the  close  of 
1881  the  tonnage  of  British  sailing  ships  exceeded  that  of  steamers 
by  about  640,000  tons,  and  at  the  end  of  1882,  while  steamers  are 
rapidly  increasing,  they  have  only  come  abreast  of  the  sailing  ton- 
nage. The  sailing  ship  has  always  been  the  pioneer  of  the  steamer. 
In  certain  of  the  old  and  long-established  trades  it  has  been  wholly 
displaced  by  the  steamer,  in  others  partially;  but  wherever  a  new 
trade  is  opened,  and  in  old,  where  long  distances  have  to  be  traversed 
and  cereal  produce  or  raw  material  has  to  be  carried,  the  sailing 
ship  still  finds  full  and  profitable  employment.  In  many  trades 
such  cargoes  cannot  afford  to  pay  the  higher  rate  of  freight  that 
steamers  demand  in  return  for  swifter  delivery.  The  sailing  ship 
carries  more  largely  to  her  tonnage  than  the  steamer,  having  no 
machinery  nor  fuel  to  take  up  her  room.  She  is  run  more  cheaply 
and  can  subsist  on  lower  earnings,  having  less  money  value  to 
insure,  and  no  outlay  in  coals  and  engine  work.  Fuel  in  some 
trades  costs  as  high  as  50s.  per  ton.  She  does  not  depreciate  so 
rapidly  as  the  steamer,  for  an  old,  well-kept  ship  compares  favour- 
ably with  a  new,  while  the  old  steamer,  as  an  earning  machine,  is 
greatly  inferior  to  the  modem ;  and  thus,  as  new  trades  continue 


Mr.  Nathaniel  Dlxlop  on  Ships  and  Shipping  Trade.  149 

year  by  year  to  open  up,  so  year  by  year  fresli  additions  jire  made 
to  the  country's  sailing  fleet,  and  the  size  and  style  of  ship  go  on 
improving.    It  has,  therefore,  yet  a  good  long  life  before  it. 

A  contrast  between  a  modern  and  an  old-fashioned  clipper  is 
shown  upon  the  table.  The  law  of  tlie  survival  of  the  fittest  has 
in  late  years  produced,  and  is  ctjnstantly  producing,  changes  both 
in  the  form  and  projioi-tions  of  steam  ships. 

The  gracefully-curved  stem  and  handsome  ligurcjhead,  with 
elegant  carving  at  stem  and  stern  to  match,  aud  the  bowsprit,  are 
all  abolished  in  steamers.  The  form  of  the  hull  has  also  undergone 
changes,  with  a  view  to  give  the  greatest  canyiug  si^ace  within 
the  enclosing  structure.  The  shi^wwuer  is  not  now  so  ready  to 
consider,  when  building  a  vessel,  the  lines  that  are  pleiusing  to  the 
eye,  as  he  is  those  that  rule  her  caiTying  capacity,  sti-ength,  and 
sea-going  qualities.  No  rule  of  general  application  exists  to 
determine  the  best  propoi-tions  of  vessels,  and  hence  we  find  that 
scarcely  any  two  sliips  are  alike.  Some  time  ago  the  aim  was  to 
make  vessels  long  and  narrow,  ximhv  tht?  impression  that  relatively 
to  their  displacement  such  vessels  were  most  easily  propelled.  But 
now  the  belief  has  gained  groiuul  tliat  short  and  broad  ships  are 
quite  as  easily  propelled  as  the  other,  and  arc  preferable  for  other 
reasons,  and  vessels  of  this  desciiption  are  growing  common.  How 
far  this  change  is  to  proceed,  it  is  liai'd  to  j^redict;  but  already 
merchant  steamei*s  have  been  changed  from  being  1 1  times  longer 
than  they  were  broad  to  71  times.  'J'his  is  a  very  striking  change 
when  reduced  to  actual  dimensions.  For  example,  if  the  Anranuif 
recently  launched  for  the  Cunard  Line,  were  11  times  longer  than 
she  is  broad,  she  would  be  142  feet  longer  than  she  is. 

Another  question  is  sometimes  put,  "  Are  masts  and  sails  in 
steamers  to  disappear  '^ "  ^Vlready  these  have  been  greatly  reduced 
in  size,  and  only  sufficient  is  ret^iined  to  enable  the  ship,  if  disabled 
in  the  engines,  to  make  her  way  to  port  under  sail. 

The  twin-screw  now  l>eing  introduced  in  oversea  merchant 
steamers,  if  found  to  he  a  commercial  success,  as  it  promises  to  be, 
must  speedily  come  into  use  for  the  larger  class  of  new  steamers. 
The  propelling  power  iKjing  divided  into  two  separate  and  complete 
engines,  the  parts  of  each  are  comparatively  light,  and  thei-efore 
easy  to  overhaul,  and  being  small,  the  castings  and  forgings  forming 
them  are  more  certain  to  be  sound.  Further,  the  division  of  the 
propelling  power  into  two  such  engines  is  bound  to  lessen  by  at 
least  50  i>er  cent,  the  ri.sk  of  disablement  from  break-down,  and 
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to  this  extent  the  need  o£  the  ▼obbcI  heing  provided  with  smils. 
As  a  result  of  this,  masts  mav  come  to  be  made  telesoofHC. 

It  will,  howevery  take  years  of  familiarity  with  safety  before  the 
shipowner  will  desire,  or  the  legislature  sanction,  the  entire  aboli- 
tion of  sails  in  the  outfit  of  steamers.  No  oversea  vessel  can  obtain 
a  government  certificate  giving  freedom  to  carry  passengers  unless 
she  be  provided  with  a  proper  outfit  of  masts  and  sails. 

II.  InFLU£>XE  of  LlOISLATlOX  UPON  SfllPPIXa 

Effect  of  Protective  Policy, — ^The  power  of  a  l^pslature  to  influ- 
ence shipping  for  good  or  for  evil  is  a  very  serious  fact  that  ought 
never  to  be  lost  sight  of  in  this  country,  where  we  are  so  depen- 
dent upon  our  mercantile  marine.  Witness  the  effect  upon  American 
shipping  of  the  pernicious  shipping  laws  of  the  United  States. 
Once  the  leader  in  sailing  ships  of  the  highest  type,  and  prominent 
also  in  steamers,  the  United  States  has  fallen  into  the  lower  ranks 
as  a  maritime  country.  Her  oversea  tonnage,  which  in  1860 
amounted  to  2,546,237  tons,  stood  in  1880  at  1,352,810,  d 
which  only  146,604  tons  were  steam,  while  other  nations  were  pro- 
gressing. This  is  wholly  due  to  her  protective  policy.  Unable  to 
compete  with  Britain  in  the  building  of  iron  ships,  she  has,  not- 
withstanding, forbidden  vessels  not  built  in  the  United  States  to 
be  owned  and  registered  there;  and  she  has  imposed  duties  on 
foreign  iron  that  prevent  her  own  builders  constructing  ships 
cheaply.  If  the  United  States  had  not  also  prevented  foreign- 
owned  ships  from  being  employed  in  her  coasting  trade,  and  had  not 
included  in  that  trade  her  trade  between  California  and  her  Atlan- 
tic seaboard,  I  verily  believe  that  scarcely  any  shipping  would  have 
been  preserved  to  her. 

Awakening  to  the  disastrous  consequences  of  her  policy,  she  is 
at  this  moment  considering  how  to  remedy  it ;  unable  to  go  the 
whole  length  of  admitting  foreign-built  vessels  to  her  r^^istry,  she 
proposes  to  relieve  from  duty  foreign  materials  used  in  the  con- 
struction of  her  shipping,  but  this  she  inclines  to  do  rather  by 
giving  bounties  to  those  who  use  native  material.  She  must^  how- 
ever, go  the  whole  length  of  buying  her  ships  in  the  cheapest 
market  if  she  is  to  regain  her  lost  position. 

France,  resolved  to  foster  her  shipping  trade,  has  gone  to  the 
opposite  extreme.    She  has  encouraged  her  shipowners  either  to 
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build  or  buy  ships  at  home  or  abroad,  and  undertaken,  out  of  the 
public  revenues,  to  pay  to  these  shipowners  a  large  bounty  on  every 
oversea  voyage  performed  by  their  vessels.  As  a  consequence, 
our  building  yards  are  busy  with  tlie  construction  of  vessels  for 
French  account,  and  her  merchant  navy  is  mpidly  increasing,  and 
is  already  competing  successfully  >vith  British  ships.  It  is  said 
that  one  of  their  larger  lines  last  year  i*eccived  as  bounty  over 
£50,000,  being  equal  to  a  dividend  of  1 7  jjer  cent  on  its  capital 
The  British  shipowner  asks  only  a  fair  field  and  no  favour ;  but  it 
will  be  hard  to  compete  against  a  rival  who  has  a  large  dividend 
provided  from  the  nation's  purso. 

I  do  not  know  how  far  in  the  end  good  may  come  to  the  French 
shipowner  from  this  government  support  upon  which  he  leans. 
When  fleets  grow  great,  as  soon  they  will,  the  bounty  will  prove 
a  heavy  drain  upon  the  nation,  and  when  withdrawn,  I  fear  it  will 
be  like  taking  the  crutches  from  a  cripple — an  event  that  will  end 
in  a  fall. 

The  Britisli  shipowner  is  not  likely  to  be  able  to  speak  from 
personal  experience  of  the  evils  of  i-eceiving  state  bounties ;  his 
difficulty  has  been  to  get  the  government  restrained  from  needless 
interference  with  his  ships  and  his  tmde. 

Recent  Legislation  as  to  Shipping, — The  shipping  laws  have  in 
recent  years  tended  towards  increased  restriction  and  interference. 
The  magnitude  of  the  shipping  tmde,  the  not  infrequent  loss  of 
life  that  arises  in  it  from  collisions,  founderings,  and  shipwrecks, 
attract  public  attention,  and  sometimes  awaken,  as  in  the  late 
Plimsoll  agitation,  unreasoning  demands  for  government  regula- 
tion, to  which,  although  extravagant,  the  legislature  must  lend  an 
ear.  Sympathy,  too,  for  the  sailor  in  his  dangerous  calling,  and 
belief  in  his  helplessness  when  ashore,  lead  to  special  legislation 
on  his  behalf.  All  this,  though  well  meant,  and  to  some  extent 
necessary,  is  not  always  wise  or  without  its  drawbacks.  At  present 
the  shipping  trade  is  suffering  much  inconvenience  from  i*ecent 
legislation  regulating  the  engagement  of  sailors,  for  which  a  remedy 
must  soon  be  found. 

Unlike  other  employers  of  labour,  the  shipowner  is  compelled  to 
engage  crews  for  vessels  before  a  government  otiicer,  who  draws 
the  articles  of  agreement  between  the  parties.  As  some  compen- 
sation for  this,  the  shipowner,  previous  to  the  change  of  the  law, 
could  rely  upon  getting  his  crew  on  the  sailing  day,  for  if  the 
sailor  failed  t<j  fulfil  las  \w.vt  of  the  aaiti-act,  he  could  be  sum- 
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nutfily  anestedf  aad  upcHi  mad,  excepc  when  a  good  reabon  oould 
be  aadgned  for  Lis  adlare^  he  could  be  imprisoaed.  The  know- 
ledge of  tliu  renderetl  arrest  and  impriaomnent  oimeceaBSurj.  Not 
more  than  one  man  in  a  thousand  daring  the  late  jears  of  this 
state  of  the  law  required  its  enf<»roement.  and  ships  were  manned 
with  their  proper  complement  of  selected  men,  who  could  be  de- 
pended upon  to  steer  and  keep  a  good  look-out.  The  well-doing 
seaman  did  not  object  to  the  law — it  had  no  tentMr  for  him.  He 
rather  approved  of  it,  for  it  secured  good  shipmates,  and  contri- 
buted to  his  personal  safety  at  sea.  But  philanthropic  theorists 
discovered  in  it  oppression,  as  thev  also  believed  thej  did  in  the 
system  of  giving  the  seamen  advance  notes.  Moved  bj  their  im- 
portunity, and  disregarding  the  testimony  of  experienced  men,  the 
present  Government  annulled  the  law  of  arrest,  and  abolished  the 
advance  note,  and  now  the  shipowner,  the  sailor,  and  the  country 
ai*e  reaping  the  fruits  of  this  misguided  philanthropy.  The  sailor's 
obligation  to  join  his  ship  is  a  dead  letter ;  the  articles  of  agree- 
ment are  only  binding  on  the  shipowner.  Now,  ships  firom  this 
port  (and  others  elsewhere)  go  down  the  river  with  a  large  num- 
ber of  their  crews  awanting,  and  at  the  Tail-of-the-Bank  such 
wretched  creatures  as  can  be  picked  up  on  an  hour's  notice,  ill- 
clothed,  and  suffering  from  want,  are  put  on  board  to  fill  the  vacant 
places  of  selected  men.  If  a  shipmaster  resorts  to  the  help  of  a 
clothes  dealer  to  tind  men  in  his  emergency,  the  Government,  as 
happened  a  few  weeks  ago  at  Gi^nock,  prosecute  and  punish  the 
dealer  for  unlawfully  engaging  sailors.  Need  we  wonder  if  we 
should  find  an  increasing  crop  of  collisions  from  bad  look-out,  and 
of  shipwrecks  on  our  coasts  ? 

When  a  disaster  occurs,  the  Government  institute  an  inquiry 
as  to  its  cause.  The  leading  questions  put  are — Was  the  ship 
seaworthy  and  not  overladen?  Was  she  properly  manned  and 
navigated,  a  proper  look-out  kept,  and  soundings  taken?"  The 
loading  and  seaworthiness  of  the  ship  are  seldom  successfully 
impugned,  and  the  shipowner  has  an  intei-est  in  testifying  to  the 
eflicient  manning  and  management  of  his  vessel,  so  that  her  crew 
defects  do  not  appear  \  but  how  can  we  expect  a  proper  look-out 
to  1k5  maintained  by  ill-clothed  men  gathered  hastily  from  the 
streets  ]  How  can  such  men  support  the  rigours  of  a  winter  day 
at  sea,  or  in  the  channel  standing  for  hours  on  a  forecastle  head  \ 
And  how  can  better  men  be  got  under  existing  law  1 

The  advance  note  in  its  old  form  has  by  law  been  abolished. 
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but  it  still  exists,  and  in  a  woi-sc  form,  and  advances  are  now  of 
necessity  given  where  formerly  they  were  unknown. 

As  to  Government  surveys  and  oversight,  they  should  be  confined 
to  the  narrowest  limits  consistent  with  public  safety.  The  Board  of 
Trade  Surveyor  is  not  an  inventor,  and  when  tlie  engineer  or  ship- 
builder has  to  use  special  materials,  and  to  conform  to  presciibed 
dimensions  of  pai*ts  in  the  construction  of  engines  and  boilers,  in 
order  to  satisfy  the  Board  of  Trade,  the  inventive  faculty  is  cramped 
and  improvements  rendered  difficult  of  introduction.  Further, 
when  surveyors,  who  ai-e  not  themselves  engaged  in  trade,  are 
called  upon  to  enforce  niles  laid  down  to  them  from  London  for 
the  i-egulation  of  loading  and  freeboard,  and  the  determination  of 
seaworthiness,  their  action  may  become  oppressive,  and  positively 
injurious,  if  not  tempered  with  judgment.  A  proposal  to  create 
boards  of  reference  from  the  decisions  of  local  surveyors  has  met 
with  considerable  favour,  but  the  evils  that  may  arise  before  a 
board  of  reference  has  time  to  act  may  be  very  serious  indeed. 

It  will  be  well  in  addition  to  have  men  of  good  judgment  in 
the  guidance  of  the  work  of  survey — men  in  sympathy  with  trade, 
and  who,  having  discretion  granted  to  them,  and  a  direction  to 
avoid  undue  meddling,  will  know  when  to  interfere  and  when  to 
forbear. 

A  change  in  the  constitution  of  the  Courts  of  Inquiry,  or  an 
appeal  from  the  decisions  of  the  Courts,  is  required  to  satisfy  the 
trade. 

Foreign  Trade. — I  doubt  if  this  country,  and  our  legislators  in 
particular,  ai-e  fully  alive  to  the  importance  of  our  foreign  trade 
and  maritime  commerce. 

Mr.  Gladstone's  views  on  tliis  matter  are  somewhat  difficult  to 
discover.  In  his  Midlothian  speeches,  when  criticising  the  con- 
duct of  the  Conservative  Government  in  their  efforts  to  preserve, 
by  means  of  strongholds  and  otherwise,  the  highway  to  our  Indian 
Empire — an  empire  upon  which  a  very  large  pai-t  of  our  maritime 
commerce  depends — he  objected  to  their  jwlicy  in  language  that 
could  not  be  misunderstood ;  but  he  has  recently  shown  himself 
keenly  alive  to  the  duty  of  preserving  this  highway,  and  has  suc- 
ceeded in  preserving  it. 

But  Lord  Derby — a  statesman  noted  for  his  sagacity — has  told 
us  plainly  what  he  thinks  on  the  subject.  His  view,  as  given  in 
a  carefully-studied  speech  to  the  Huddersfield  Chamber  of  Com- 
merce three  years  ago,  is,  that  the  foreign  trade  of  this  country 


Ls  incomadezajbie  m  ::3mpiiriaaiL  ▼tcb  :s  iomit  CTautf.  His  words 
oil        hesd  Tr»*re  — 

"  Vow.  M  3)  ^  3ISXS  pums — atls  pranoraanmCB  juuuctim  «7C  hmt  aad 
tbregiL  tE&iitt — ynn  wiH  aaitL  I  jol  iorai.  muhmcc  3w  «  Tmnifcr— b«  to  tboae 
▼^Kit  cumzmarual  inoersiCi  -vimm.  2  .a  tas  buaic  Jt  Fnipamf  a>  hsrv  i  iiainl. 
Bat  we  oan  onij  gain  b  v  s.  jn^ra^mg  prstsiw  fcaaumuisi  3ir  ▼aijva  gawcali- 
cies.  as'L  frftKij  »**-tifrr:?nj  soas  I  wu  otic  prefSRii  air  dEie  ruiTt  of 
:itaszstLcaI  T^i^n'ry  >7a  ?2txa  "rtimc  I  ant  ouc  iiii  ■  ■iniBhrn  in  sappiaiqif  tkal 
manj  pcncaa  may  b«  in  the  «3xe  >»aixzBiiin.  WbaS.  tbak  ii  t&t  aggnipila 
*K  oar  aatD>iuiI  iai»me  7  ami  ni  whafi  praoQEtiiw  ia  is  swdkil  Ecapcetmlf 
b J  home  isiindtrr  ami  fjrsiipL  traue  ?  I  jee  3iJ  n  — nn.  o»  ^ovbt  dat  oar 
best  iatzatu::aiu  are  rj^is.  when  they  ix  the  .lainniit  «c  fni'iTia  liabit  to 
taxation  at  an  a£zr»gase  ot  ai:t  less  ^Ilul  £lil]l>.Oli)l>.MI>.  Tbe  caLeoIafifioa  of 
those  most  competent  to  ji'i^  ?has  the  ins^:mes  whic&  ac«  fiabLe  to  tax- 
atioo.  ami  those  which.  fr*:m  th*iir  smaHneK.  escape  ic  aboot  one 
another  in  aggregate  amoant.  I:  they  ire  right.  yi3a  haw  a  grasi 
inoame  falling  little  ihort  oc  £  l.:3X)Lt(MlX00O :  bas  iet  na  call  it  £l,flO0^flO0^OO0L 
Now,  how  m=ch  dtxes  fono^  srade  brxmf  in  ?  That  ia  a  «|««itiott  wbick  we 
can  answer  wiih  a  reaaonabZe  degree  ot  ixrtainty.  Taking  the  whole  Taliie 
of  Britiah  experts  at  £30iXOiX)J]0>>.  which  ts  a  tur  aTexage^  and  dedncting 
the  price  oc  the  raw  maserial  xmpi.^rted  from  abroad,  w«  have  aboat 
£140.000.000  aa  the  prodt  which  remains  in  FngfT^th  hamis.  Tkaft  is  aboot 
ooe-seTenth  of  the  total  aggregate  income  of  the  aisiusitj.  No  donbi  it 
ia  a  large,  eren  an  eoormooa  dgore.  bat  it  scarcely  jnitilif  tlfee  Ungoage 
w..:ch  we  often  hear,  as  if  the  home  trade  were  a  comparatiTely  triding 
matter,  and  aa  if  the  industrial  life  or  death  of  the  nation  depends  on  tlie 
keeping  np  of  its  erp»:»rta." 

Now,  let  U8  see  if  Lord  Derby tigores  are  fiairiy  comparable, 
and  represent  the  proportionate  value  of  home  and  of  foreign  trade. 

The  profit  in  English  hands  from  the  foreign  trade  he  deals  with 
ii)  fairly  stated  (although  ta<iav  his  tigores  would  require  to  be 
enlarge^l  50  per  cent.,  say  to  about  £300,000,000  instead  of 
•£200,000,000;,  and  so  also  is  his  estimate  of  the  aggr^;ate  income 
of  the  community ;  but  does  it  follow  that  because  they  differ  in 
the  proportion  of  one  to  six  that  the  home  trade  produces  six- 
Kcventlis  of  the  nation's  income  and  the  foi-eign  one-seventh ) 

I  think  not.  While  the  labour  bestowed  on  £60,000,000  worth 
of  raw  material  raises  its  export  value  to  £200,000,000,  and  the 
direct  value  of  such  labour  is  thus  £140,000,000,  our  national 
income  derived  from  this  source,  as  it  will  appear  from  Income 
Tax  returns,  is  swelled  by  a  figure  enormously  greater. 

Take  a  simple  illustration,  and  this  will  at  once  appear.  A 
workman  gets  a  piece  of  imported  raw  material  worth  say  £60, 
and  ill  a  year  lio  niiscs  its  value  by  his  labour  to  £200,  he  thus 
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earns  XI 40,  and  his  Income  Tax  return,  if  made,  is  £140.  But 
fiwmming  that  he  spends  all  his  earnings  in  the  maintenance  of 
himself  and  family,  his  shoemaker,  clothier,  baker,  butcher,  school- 
master, and  landloixl  get  the  money  among  them,  and  in  so  far  as 
what  they  give  in  return  is  not  imported  raw  material,  but  the 
frait  of  their  labour,  or  the  labour  of  some  one  else  in  the  country, 
the  workman's  expenditure  figures  as  income  in  the  Income  Tax 
returns  of  the  shoemaker,  baker,  butcher,  kc.  Taking  as  the 
▼aloe  of  their  labour  a  proportion  of  the  whole  sum  similar  to 
that  of  the  workman's,  £98  of  the  workman's  expenditure  will 
appear  in  the  Income  Tax  returns  of  the  shoemaker,  baker,  &c., 
and  now  the  workman's  income  of  £140  ligures  in  the  Income  Tax 
returns  at  £238. 

Apply  this  method  of  computation  to  the  larger  figures  with 
which  Lord  Derby  deals.  Call  the  workman's  pounds  millions, 
and  you  have  at  once  in  this  first  sequence  the  profit  on  tlie  raw 
material  worth  £60,000,000  figuiing  in  the  Income  Tax  returns 
not  at  £140,000,000,  as  Lord  Derby  expresses  it,  but  at 
£238,000,000.  But  the  figure  does  not  stop  here.  The  shoemaker, 
tailor,  baker,  &c.,  spend  their  £98  in  n  similar  way  to  the  work- 
man, and  in  the  new  sequence,  taking  a  like  proportion  as  the  value 
of  labour,  their  expenditure  will  figure  as  income  in  the  Income 
Tax  i-etums  at  £68-— another  £68,000,000  added  to  the 
£238,000,000,  making  £306,000,000;  and  so  on  through  an 
extended  series,  the  number  of  which  will  be  determined  by  the 
proportion  which  the  suppliera  of  the  necessaries  of  life  bear  to  the 
producers  of  the  wealth  which  pui-chascs  these  necessaries.  The 
question  of  the  composition  and  sources  of  the  national  income,  as 
returned  for  tax,  is  wide  and  intricate,  and  would  require  for  its 
full  elucidation  a  separate  paj^er.  But  eiiuugh  has  been  said  to 
show  how  fallacious  and  misleading  are  Lord  Derby's  conclusions ; 
and  yet  the  press  accepted  them,  and  many  minds  during  the  past 
wave  of  dull  trade  were  comfoi-ted  by  Ids  suggestion  that  tho 
country  might  prosper  although  its  foreign  tnide  should  decay. 
Happily,  foreign  trade  somewhat  revived,  and  sliipping  trade 
revived ;  the  country,  in  consequence,  retiuned  to  some  prospenty, 
and  the  fallacy  of  Loi-d  Derby's  reasoning  was  not  put  to  the  test 
of  experience,  else  it  would  have  been  discovered  that  the  decadence 
of  our  foreign  trade  and  maritime  commerce,  which  are  linked 
together  in  a  bond  that  cannot  be  severed,  wns  the  ruin  of  the 
country. 
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Maritime  Commerce, — But  let  us  try  to  form  some  idea  of  the 
part  which  shipping  plays  in  the  nation's  trade.  It  is  common 
to  contrast  the  nation's  property  in  railways  and  its  property  in 
shipping,  and  to  assume  their  relative  importance  in  the  country's 
commerce  to  correspond  to  their  respective  capitals.  In  railways 
the  country  has  invested  over  £728,000,000  of  money,  and  the 
lines  exist  to  represent  the  expenditure — but  it  is  to  be  remarked 
that  much  of  this  expenditui-e  is  money  paid  for  land,  which  is 
simply  an  exchange  operation — I  cannot  tell  how  much  the  nation 
has  expended  in  shipping  property,  for  it  is  lost  and  replaced  once 
every  20  yeai-s  or  less,  but  we  can  only  at  this  moment  show  ship- 
ping property  representing  in  value  about  a  seventh  part  of  the 
railways,  say  £105,000,000  (almost  all  of  this,  however,  is  created 
wealth).    This  estimate  I  arrive  at  as  follows: — 

The  sailing  fleet  at  end  of  1882  is  estimated 
to  stand  at  3,548,000  tons,  which  at  £12= £42,576,000 

The  steam  fleet,  3,543,000  tons,  at  £15  per 
ton,    =  60,231,000 

Plant  ashore,  say    =  2,193,000 

£105,000,000 


(This  makes  no  account  of  the  money  invested  m  docks  and 
harbours.) 

But  the  effective  power  of  shipping  in  the  production  of  i-evenue 
is  very  much  greater  than  that  of  railways.  While  the  railways 
of  the  kingdom  have  a  total  revenue  from  all  sources  of  about 
£65,500,000  per  annum,  the  shipping  of  the  country,  although 
representing  only  a  seventh  of  the  railway  capital,  I  estimate  earns 
about  £64,000,000. 

It  is  difficult  to  form  a  reliable  estimate  of  shipping  revenues, 
but,  from  data  in  my  possession,  I  think  I  am  not  far  wide  of  the 
mark  if  I  put  the  gross  annual  earnings  of  sailing  ships  at  £5  10s. 
per  ton,  and  of  steamers  at  £12  10s.  per  ton.  Taking  all  classes 
into  account,  my  data  point  to  a  higher  average,  but  I  have  taken 
the  lower  : — 

Sailing  ships  would  yield   £19,514,000 

And  steam   44,287,500 

£63,801,500 


Of  these  revenues,  about  75  per  cent,  will  return  to  this  country, 
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and  25  i>er  ceut  i-emaiii  abroad  as  the  charges  of  foreign  ports. 
j€48,000,000  may  thus  be  tiikeii  as  the  Bntish  share  of  these 
revenues,  of  which  fully  three-fourths,  or  £30,000,000,  will  be 
spent  chieliy  on  labour  and  home  products  (sailors  alone  receive 
over  12,000,000  of  it),  and  the  remaining  £12,000,000  in  the 
maintenance  of  owners,  or  remain  as  accumulated  wealth  to  be 
ex})ended  partly  in  the  extension  of  the  nation's  shipping.  But  it 
b  to  l>e  observed  that  the  shipping  revenues  are  computed  only 
from  and  to  the  seaboard ;  but  their  etfective  value  does  not 
terminate  there — the  railway  haulage  of  imjwrts  and  exports,  and 
all  the  lal)Our  and  cartage  connected  with  their  movement,  includ- 
ing much  passenger  traffic,  forms  part  of  the  service.  We  know 
from  experience  of  the  inland  haulage  in  America  that  it  nearly 
equals  the  ocean  freight,  and  we  will  not  err  on  the  side  of  excess 
if  we  assign  to  the  British  a  fourth  of  this  proportion,  which  would 
represent  a  sum  of  £16,000,000. 

We  have  thus  revenues  directly  created  by  the  shipping  trade 
of  the  country  amounting  to  the  vast  sum  of  £80,000,000,  of  which 
£64,000,000  remain  to  this  country. 

The  tonnage  built  and  added  to  our  registry  in  1882  was — 

Sail,  173,098,  valued  at  £12,   =  £2,077, 17(» 

Steam,  804,480,  valued  at  £17,   =  l.S,()70,100 

About  50,000  tons  of  steam  which  have  not 
passed  through  our  registry  is  estimated 

to  have  been  built  for  foreigners,  at  £17,  850,000 

Total,    £16,603,3.36 

and,  with  Uie  exception  of  the  value  of  such  raw  imported  [iroducts, 
say  of  timber,  iron,  and  other  ores,  antl  cordage  fibre,  as  enter  into 
the  manufacture  of  new  materials,  everything  which  enters  into 
the  structure  of  these  vessels  may  be  said  to  be  home  producetl. 
We  are  safe,  then,  to  assume  that  over  £15,000,000  of  money 
have  been  directly  distributed  among  the  various  industries  of  the 
country  in  the  building  of  the  last  year's  new  ships.  What  pro- 
portion these  millions  of  revenue  from  shipping  and  shipbuilding 
form  of  .the  estimated  income  of  the  nation,  as  computed  from 
Income  Tax  returns,  it  is  hard  to  say,  but  that  the  foreign  trade 
and  shipping  together  form  a  vast  proportion  of  it — possibly  two- 
thirds — I  think  there  is  hardly  any  room  to  doubt. 

We  have  seen  that,  as  Income  Tax  returns  are  reckoned, 
£140,000,000  of  direct  earnings  from  exports  might  become 
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£306,000,000  of  the  country's  income  ere  it  passed  beyond  two 
sets  of  hands  from  those  of  the  primary  earner,  and  the 
£140,000,000  being  derived  from  £200,000,000  value  of  exports, 
£300,000,000  being  last  year's,  would  raise  the  sum  50  per  cent, 
or  to  £459,000,000. 

Unlike  the  value  of  expoi*ts,  the  British  share  of  shipping 
revenues  needs  no  allowances  taken  from  it  for  i-aw  materiaL  It 
is  a  directly-created  wealth.  In  assigning  to  it  and  to  our  export 
trade  that  high  place  which  I  claim  for  them  in  the  nation's 
balance  sheet,  I  would  have  you  consider  what  are  the  other 
actual  sources  of  wealth  in  the  country  for  which  a  rival  claim  can 
be  set  up.  Except  what  we  owe  to  agriculture,  to  fisheries,  and 
to  minerals,  enhanced  by  labour,  aided  by  machinery  (a  portion  of 
the  mineral  section,  it  must  be  remarked,  falls  under  exports  and 
shipping),  and  the  i*evenues  deiived  from  foreign  investments  of 
capital,  I  don't  know  of  any.  Such  callings  as  banking,  stock- 
broking,  insurance,  professional  work,  shop-keeping,  newspaper 
and  other  publishing,  within  the  country,  although  yielding  to 
individuals  incomes  which  figure  largely  in  the  Income  Tax 
returns,  do  not  create  wealth  in  the  sense  in  which  the  others 
ci*eate  it.  Towards  these  they  stand  very  much  as  the  commis- 
sariat and  camp  followers  stand  towards  the  army  in  the  field. 
In  so  far  as  they  contribute  at  all  to  the  nation's  creative  wealth, 
it  is  as  dependents  they  do  it.  Extinguish  the  other  sources  of 
wealth,  and  not  one  of  these  could  exist  or  help  its  neighbom*. 

The  value  of  our  agriculture  is  great  Some  years  ago,  when 
land  was  more  valuable  than  it  is  now,  the  gross  annual  rental  of 
the  land  of  the  three  kingdoms  was  estimated  at  £131,500,000. 
The  value  of  its  produce  must  be  taken  to  be  this  rental,  plus  the 
wages  of  the  farm  labourers  and  the  profit  of  the  fisurmer.  But 
when  you  consider  how  few  people,  comparatively,  agriculture,  as 
an  industry,  gives  employment  to,  its  small  value  to  the  country, 
in  contrast  with  that  of  the  industries  I  have  been  speaking  of, 
will  appear.  Much  of  the  acreage  is  devoted  to  sheep  and  deer. 
A  few  shepherds  and  keepers  tend  these  domains.  The  crop 
farmers,  even  on  a  large  scale,  need  only  a  small  number  of  men 
and  of  maid  servants.  The  rental  of  the  land  (which  represents 
the  raw  material)  therefore  does  not  receive  much  enhancement 
from  labour.  I  shall  not,  however,  attempt  to  put  a  figure  upon 
it  in  the  absence  of  reliable  data. 

Nor  is  the  distribution  of  the  money  derived  from  the  produce 
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of  the  land  beneiicial  to  tho  people  in  the  same  degree  as  that 
from  the  other  industries.  Tlie  renttd,  in  so  far  as  it  is  not  taken 
up  by  payment  of  interest  to  bondholders,  is  used  to  maintain  in 
luxury  a  comparatively  small  number  of  landed  proprietors  and 
their  dependents,  who  are  not  producers,  and  the  bondholders  in 
tom  are  similarly  ciixnimstanced. 

I  have  no  data  conceining  fisheries ;  but  they  and  agricultUTO 
would  not  employ  so  many  as  ai*e  now  engaged  in  them  if  the 
other  industries  were  crippleii,  and,  further,  the  value  of  their 
produce  is  enhanced  by  the  demand  created  by  tlie  wants  of  tin* 
classes  engaged  in  other  industries. 

We  see  also  how  povei-ty-stricken  are  many  of  the  people  both 
in  Scotland  and  Ireland  who  depend  on  agriculture  and  fishing  for 
their  livelihood. 

The  Need  of  Protection  of  a  Sjiecial  Kind  for  our  Mercantile 
Mairine, — An  enormous  proportion  of  the  countiys  food  supplies 
is  brought  in  by  our  foreign  shipping  week  by  week. 

Glasgow  alone  receives  about  10,000  tons  a  week,  and  the 
country  at  large  about  170,000  tons  a  week  all  the  year  round. 

Different  from  former  timtis,  these  food  supplies  go  directly  from 
our  whan^es  to  the  consumers.  They  are  not  stored  as  they  useil 
to  be  for  later  distribution.  How  serious,  then,  would  a  stoppage 
of  our  shipping  trade  become  ?  The  interruption  of  our  supplies, 
even  for  a  period  of  weeks,  would  produce  famine  prices,  and 
speedily  positive  famine. 

The  imported  raw  materials  of  our  manufactures,  like  our  food 
supplies,  are  also  sent  directly  from  the  ships  to  the  place  of  use 
for  immediate  conversion.  A  cessation  of  imports  would  speedily 
bring  great  industries  to  a  stand-still,  and  a  disturbance  to  the 
outflow  of  our  exports  would  paralyse  vast  communities,  the  con- 
sequences of  which  it  is  terrible  to  contemplate. 

It  behoves  the  Government,  and  all  public  bodies  who  exercise 
any  control  over  our  commerce,  to  weigh  well  these  facts,  and  each 
in  its  place  to  promote  that  commerce  which  is  the  life-blood  of 
the  nation.  It  ought  to  be  imperative  upon  the  Government  to 
remove  every  hindrance  that  it  at  present  opposes  to  the  shipping 
trade.  Besides  tilings  already  noted,  which  require  reme<ly,  there 
is  something  to  be  done  in  the  tonnage  laws,  to  encoui-age  good 
types  of  ship.  Customs  restrictions  should  be  relaxed — as,  for 
example,  freedom  to  work  night  and  day  in  port  without  fee  for 
permission,  freedom  to  cairy  goods  coastwise  in  vessels  partially 
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foreign  laden,  whether  outward  or  homeward  bound,  should  both 
be  granted.  Shipping  also  should  be  relieveil  from  those  heavy 
and  vexatious  fees  which  ai*e  now  demanded  by  the  Board  of 
Trade  for  the  ser^-ices  of  their  officers — all  of  which  being  pro- 
fessedly in  the  public  interest,  should  be  at  the  public  charge. 

But,  above  all,  in  view  of  our  great  dependence  for  our  daily 
bread  upon  our  shipping,  it  is  absolutely  necessary  that  the  Govern- 
ment, while  it  guards  our  shores  and  the  highway  to  our  colonies 
by  strong  i>osts  on  the  way,  should  provide  powerful  and  rapid 
cruisers,  numerous  and  powerful  enough  to  sweep  the  privateer 
from  the  seas,  should  he  ever  appeal*,  and  to  protect  our  ships  at 
sea  from  the  swift  enemies  that  will  be  launched  against  them  if 
we  ever  find  ourselves  at  war  with  a  great  i)Ower. 
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XIII. — Some  Account  of  the  Iron  Ore  Industry  of  the  North  of 
Spain.    By  James  G.  Jenkins,  M.  I.  &  S.,  Glasgow. 


[Read  before  the  Chemical  Section,  18th  December,  1882.] 


AiTHOUOH  the  iron  ore  deposits  of  the  Bilbao  district  have  been 
known  for  a  very  long  time,  their  value  to  Great  Britain  may  be 
said  to  date  from  about  the  year  1870. 

It  may  not  be  out  of  place  at  this  time  to  refer  to  the  condi- 
tions under  which  Spanish  ore  obtained  the  importance  it  now 
poBse8se& 

Cumberland  has  been  called  the  birth-place  of  hematite  pig- 
iron.  It  was  from  here  Bessemer  obtained  those  samples  of  pure 
pig-iron,  free  from  phosphorus,  <S^c.,  that  enabled  him  to  carry  out 
his  experiments  that  gave  to  the  world  Bessemer  steel,  and 
rendered  the  name  of  the  inventor  famous.  At  the  time  Bessemer 
was  searching  out  the  truths  connected  with  the  manufacture  of 
steel,  and  when  Siemens  was  carefully  working  out  the  process 
that  has  been  so  successfully  identified  with  his  name,  the. 
great  bulk  of  the  ore  raised  from  the  rich  deposits  of  hematite 
in  Whitehaven  and  Fumess  districts  was  exiK)rted  to  other  iron- 
making  centres — chiefly  Scotland,  South  Wales,  and  Middlesbro', 
where  it  was  used  as  a  mixture  in  smelting  the  i)oorer  ores  of 
these  localities. 

The  increasing  demand  for  hematite  pig-iron,  consequent  on 
the  success  and  development  of  the  Bessemer  and  Siemens' 
processefl,  was  the  means  of  attracting  the  attention  of  capitalists, 
and  Cumberland  was  the  chosen  ground  for  the  erection  of  many 
iron  works  whose  aim  was  the  conversion  of  rich  deposits  already 
referred  to  into  pig-iron.  It  will  thus  be  seen,  as  the  demand  for 
ore  amongst  the  local  works  increased,  there  was  less  to  spare  for 
other  districts,  until  we  fmd  at  the  present  day,  with  soinc 
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exceptions,  the  great  bulk  of  the  hematite  ore  of  both  Fumess  and 
Whitehaven  is  smelted  on  the  spot — the  demand  in  brisk  times 
being  slightly  ahead  of  the  production.  I  may  note  here,  Spanish 
ore  is  being  brought  into  Cumberland  at  the  present  time.  This 
is  due,  however,  more  to  a  question  of  piice  than  a  scarcity  of 
ore. 

In  Scotland  the  demand  for  steel,  as  a  constructive  material  for 
shipbuilding,  d^c,  was  the  means  of  establishing  the  steel  works  of 
Newton,  Blochaim,  Parkhead,  Mossend,  and  Dalziell,  and  immedi- 
ately the  attention  of  Scotch  ironmasters  was  directed  to  the 
manufacture  of  hematite  pig-iron. 

In  Middlesbro',  over-production  of  common  iron,  added  to  a 
dullness  of  trade,  caused  an  accumulation  of  stocks,  and,  in  order 
to  relieve  themselves,  the  ironmasters  there  changed  a  number  of 
their  furnaces  on  to  hematite  pig-iron. 

In  South  Wales  the  necessity  for  a  substitute  for  Cumberland 
ore  was  even  greater  than  in  Scotland  or  Middlesbro*.  The 
exhaustion  of  many  of  the  fields  of  ironstone  had  rendered  it 
absolutely  necessary  ore  should  be  obtained  from  somewhere. 
It  was  at  this  time  the  attention  of  ironmasters  was  attracted 
to  the  rumours  of  rich  deposits  of  hematite  ore  in  the  Bilbao 
district. 

In  the  remarks  I  will  have  to  make  in  the  following  description 
of  the  Bilbao  deposits,  it  is  my  desire  to  be  as  general  as  possible. 
The  subject  is  not  one  that  admits  of  a  purely  chemical  treatment, 
whilst  the  geology  of  the  district  has,  up  to  the  present  time,  had 
little  attention  paid  to  it. 

The  iron  ore  distiict  may  be  said  to  begin  above  the  town  of 
Bilbao,  and  to  extend  along  the  left  side  of  the  River  Nervion 
until  it  reaches  the  coast  at  Onton.  Don  Francisco  Uruburu,  the 
Chief  Engineer  of  Mines  for  the  Province,  divides  the  district  into 
10  groups,  Y\z,  \ — 

1.  MiDas  de  Bftauri  y  Arrigorriaga. 

2.  Begofia. 

3.  Abando. 

4.  ,,  Guenes. 

5.  , ,  Baracaldo. 
0.  Alonaotigui. 
7.  Galdames. 

S.  Sommorostro. 
i>.  Soupuerta. 
10.        „  Onton. 
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The  mineral  found  in  these  various  groups  is  dirideil  into  three 
classes,  viz. : — campanil,  vena-dulce,  and  rubio. 

With  some  trifling  exceptions,  the  whole  of  the  canipanil  supplies 
are  obtained  from  the  ISommorostro,  or,  more  properly  speaking,  the 
Triano  group— vena-d nice  or  rubio  being  the  ore  of  wliich  the  oth«^r 
groups  are  comjK)sed.  At  the  present  uioment  the  chief  centre  of 
interest  is  the  Sommorostro  group,  as  it  was  from  this  locality  93 
per  cent,  of  last  year's  shipments  were  obtained,  the  tliree  qualities 
of  ore  being  represented. 

Campanil,  the  ore  most  sought  after,  is  a  hydrated  oxide  of  iron, 
Fe,0  +  H,0,  of  a  more  compact  nature  than  vena-dulce,  shows  a 
dear  crystalline  fracture,  and  is  often  associated  with  beautiful 
crystals  of  carbonate  of  liine.  The  following  may  be  called  a 
cbai*acteristic  analysis: — 


Wet. 

212' 

Peroxide  of  Iron,  

69-37 

79  24 

Protoxide  „   

Biinlphide  of  Iron,   

•28 

•32 

Oxide  of  Manganese,   

1-50 

1-71 

Lime,   

2-72 

310 

Magnesia,  

■77 

•88 

Alumina,   

1-37 

1-56 

Silica,   

5-25 

600 

Phosphorio  Acid,  ..   

•04 

Oo 

Snlphuric  ,,   

Carbonic 

2-72 

310 

Water  (Combined), 

404 

Water  (Moisture), 

12-44 

100  00 

100  00 

Sulphnr,  Pure,  per  cent.,  

•14 

•17 

Phosphorus  „ 

0^17 

0-21 

Iron,   

48-69 

So^Gl 

Vena-dulce  is  also  a  hydrated  oxide  of  iron,  of  a  dark  rich 
colour,  very  soft,  and  easily  reduced  to  a  finer  state  than  either 
campanil  or  rubio.  This  ore  is  often  found  associated  with  clay. 
Vena-dulce  is  generally  found  in  the  wettest  places  of  the  mines,  or 
near  the  surface,  therefore  requires  careful  classification,  which  can 
only  be  done  when  the  conditions  of  weather  are  favourable.  Vena- 
dulce,  or,  when  literally  translated,  "soft  vein,"  is  the  ore  which 
was  worked  in  olden  times  for  making  iron  direct  by  the  Catalan 
process,  being  easily  obtained  without  the  aid  of  gunpowder. 
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The  following  is  a  typical  analysis : — 


VFNA-DrLCP.. 

Peroxide  of  Iron,    80-500 

Oxide  of  Manwuiese,   2*320 

Sulphuric  Acid,      0*065 

Phosphoric    0*041 

Magnesia,    0376 

Lime,   0*570 

Insoluble  Residue,    7*849 

Carbonic  Acid.     \   8*280 

and  \ 

Combined  Water,  j   100*004 

Metallic  Iron,  per  cent ,      ...       ...    56*400 

Manganese,    1*800 

Sulphur,    0*026 

Phosphorus,    0018 


The  above  is  from  a  sample  dried  at  212\ 

As  a  rule,  vena-diUce  may  be  said  to  contain  more  metallic  iron 
than  campanil  or  rubio,  the  percentage  of  manganese  is  also  slightly 
higher  than  in  either  of  these  ores.  Its  softness  is  the  principal 
objection  against  it.  Being  easily  crushed  during  so  many  handling 
operations,  it  frequently  arrives  in  this  country  in  a  finer  state  of 
division  than  the  ironmaster  likes.  For  this  reason  alone  its  use  in 
the  Siemens'  process  has  been  prohibitive. 

Rubio  ore,  a  brown  hydrated  oxide  of  iron,  different  in  appear- 
ance from  either  of  the  oi*es  I  have  described,  exists  in  by  far 
greater  proportion  than  the  others,  and  is  the  ore  on  which  the 
future  supply  will  chiefly  depend.  Hubio  is  not  quite  so  rich  as 
campanil  in  metallic  iron;  it  Ls  generally  found  associated  with  or 
resting  on  sandstone,  and  on  this  account  requires  careful  classi- 
fication. It  is  a  harder  ore  than  either  of  its  neighbours,  bears 
transport  better,  and  has  the  redeeming  quality  of  not  absorbing 
so  much  free  water. 

The  following  is  a  fair  average  analysis : — 


Peroxide  of  Iron,   71 '18  76*96 

Bisulphide  of  Iron,    *09  'lO 

Oxide  of  Manganese,    1  83  1  '98 

Lime,    *74  '80 

Magnesia,   '87  '95 

Alumina,    253  2*74 

Silica,    8*62  9*32 

Phosphoric  Acid,                             ...  *036  -(teO 

Sulphuric     „    Trace.  Trace. 

Carbonic       ,,                         ...       ...  —  — 

Water  (Combined)   6*79  7*30 

Water  (Moisture),   7*50  — 


100*186  100*189 
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Iron,  Pure,  per  cent.,    49*82  53*87 

Phosphorus,    0*49  0*53 

Sulphur,         „    016  017 

The  varying  percentage  of  carbonate  of  lime  in  campanil,  from  2 
per  cent,  up  to  10  per  cent,  is  frequently  the  cause  of  irregular 
working  in  the  blast  furnace. 

Begarding  the  theory  of  formation — how  such  masses  were 
deposited — but  little  has  been  written  on  the  subject,  the  energies 
of  all  concerned,  both  Spanish  and  English,  being  concentrated 
more  in  the  getting  of  the  mineral  than  in  working  out  speculative 
problems  in  geology.  Found  in  the  cretaceous  measures,  and 
resting  on  limestones,  it  is  supposed  a  violent  geyser  action  took 
place,  during  which  fountains  of  carbonate  of  iron  were  ejected, 
eulogists  find  the  evidences  of  the  geyser  action  in  "the  crystalline 
texture  of  the  campanil,  the  beautiful  crystals  of  carbonate  of  lime 
that  accompany  it,  in  the  concrete  forms  of  the  rubio,  and  the 
quartz  crystals  which  fills  its  loughs.'' 

Mr.  Kendal,  in  a  paper  on  the  Whitehaven  deposits  of  hematite, 
read  some  time  ago  before  the  North  of  England  Institute  of  Mining 
and  Mechanical  Engineers,  shows  the  Cumberland  ores  may  possibly 
have  been  formed  from  carbonate  of  iron  acting  on  limestone.  It 
may  be  expressed  by  the  following  chemical  formula : — 

FeO  2C03  +CaO  Co.,  =  Fe  Co,  +  2CaO  2C02. 

Laboratory  experiments  have  shown  that  limestone  is  soluble  in 
water  containing  an  excess  of  carbonic  acid.  From  this  it  is 
reasoned  tihe  limestones  found  associated  with  the  Spanish  ores  have 
in  many  places  been  dissolved  by  the  carbonic  acid,  and  carbonate 
of  iron  formed,  as  shown  in  the  above  reaction.  The  subsequent 
conversion  of  the  carbonate  of  iron  into  the  pwoxide  of  iron  may  be 
expressed  by  the  following : — 

2FeO  Co,  +0  =  Fe^Og  +  2Co,. 

It  may  be  a  matter  of  speculation  how  the  iron  was  ongiiially 
deposited,  but  there  is  little  room  to  doubt  that  the  whole  of  Bilbao 
deposits  were  at  one  time  spathic  ore  (carbonate  of  iron),  and  that 
their  subsequent  conversion  to  peroxide  has  been  accomplished  by 
atmospheric  influences.  If  we  examine  a  piece  of  spathic  ore  wc 
find  identically  the  same  characteristics  as  we  do  in  campanil — 
the  same  compact  nature,  the  same  ciystalline  form.    Calcine  a 
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piece  of  spathic  ore,  and  the  result  will  be  shown,  on-  analysis,  to 
be  an  ore  identical  with  campanil,  only  richer  in  metallic  iron, 
owing  to  oxidation  being  more  complete ;  and  the  water  that  is 
chemically  combined  with  the  campanil  is  absent  in  the  calcined 
ore.  The  process  of  calcination  may  be  seen  in  nature,  only  under 
different  conditions.  Allow  a  piece  of  spathic  ore  to  be  exposed  to 
atmospheric  influences  for  a  time,  and  yoa  will  notice  the  surface 
gets  slowly  oxidized,  pi-esenting  an  appearance  exactly  correspond- 
ing to  campanil ;  or,  examine  spathic  ore,  over  which  water  has 
been  allowed  to  percolate,  and  you  get  the  same  chemical  action, 
with  the  same  results.  It  is  somewhat  more  difficult  to  account 
for  the  conversion  of  spathic  ore  into  rubio.  A  comparison  of  the 
analysis  of  campanil  and  rubio  shows  that,  whilst  carbonate  of 
lime  is  always  present  in  the  former — to  a  greater  or  less  extent 
in  rubio — it  is  reduced  as  low  as  0  5  per  cent.  This  can  be  accounted 
for  by  the  fact  that  companil  is  always  found  intimately  associated 
with  limestones ;  whilst  rubio,  although  sometimes  found  with 
limestone,  is  nearly  always  found  resting  on  a  micaceous  sand- 
stone. This  sandstone  has,  to  a  cei-tain  extent,  entered  into  the 
chemical  composition  of  the  ore,  and  we  iind  the  low  percentage 
of  CaOCo^  is  replaced  by  an  increase  of  siliceous  matter.  Indeed, 
some  of  the  poorer  classes  of  rubio  ore  are  simply  sandstones  largely 
impregnated  with  oxide  of  iron.  Don  Ramer  de  Yarza,  in  an  able 
paper  on  the  geology  of  the  district,  although  unable  to  explain 
why  rubio  ore  presents  a  different  structural  appearance  to  cam- 
panil, nevertheless  attributes  its  origin  to  the  same  agency.  He 
says — **The  quartz  crystals  which  accompany  it  (rubio),  if  viewed 
under  a  microscope,  shows  a  prodigious  number  of  cells,  containing 
liquid  whose  characteristics  coincide  with  those  Zirkel  atttibutes 
to  those  found  in  water  and  carbonic  acid,  since  they  completely 
fill  the  irregular  cavities,  show  great  refractory  power,  and  little 
or  no  mobility.  The  bubble  which  each  of  those  cells  contains 
is  perfectly  spherical,  of  very  small  propoi-tions  relatively  to  its 
contents,  and  does  not  change  in  volume  under  changes  of 
temperature."  From  thb,  he  shows  the  medium  under  which 
those  crystals  were  formed  was  water,  impregnated  with  carbonic 
acid — the  carbonic  acid  being  obtained  from  the  spathic  ore  or 
limestone. 

^Vn  inspection  of  the  Onton  mines  goes  far  to  show  the  relation 
of  spathic  ore  to  rubio.  Here  we  find  extensive  deposits  of  rubio 
oro,  at  present  being  worked,  separated  only  by  the  smallest  of 
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rivulets,  and  not  more  than  a  stone-throw  from  a  very  large  body 
of  (spathic  ore)  carbonate  of  iron.  In  one  case  the  conversion  to 
brown  ore  has  taken  place,  whilst,  in  the  other,  it  would  seem  as 
if  nature  meant  it  to  remain  as  a  testimony  of  the  original 
oondition  under  which  the  ore  was  deposited.  In  the  deposit  of 
spathic  01*0  at  Onton,  which  is  60'*()''  thick,  it  is  singular  to  notice 
in  the  upper  12'  0'^  the  ore  is  largely  impregnated  with  argenti- 
ferous galena,  containing,  as  it  does,  42  ozs.  of  silver  to  the  ton  of 
lead.  Suitable  works,  under  the  able  direction  of  Don  Jose 
MacLennan,  are  in  the  course  of  ei'ection,  for  the  calcination  of 
the  spathic  ore  and  tlie  treatment  of  the  silver  and  lead. 

Mode  of  Working. 

The  mines  ai*e  all  worked  on  the  open  cast  system — in  other 
words,  simply  quarrying  the  mineral  after  the  overlying  debris  has 
been  removed. 

In  the  mines  the  wiiter  had  charge  of  it  was  no  uncommon 
occurrence  to  have  shots  40'  0"  deep  in  solid  ore.  Befoi-e  the  powder 
was  placed  in  the  bore-hole,  a  number  of  cartridges  of  dynamite 
were  exploded,  forming  a  chamber  in  the  bottom  of  the  hole  some- 
thing like  the  shape  of  a  water-bottle.  The  powder  was  filled  into 
this  chamber  until  it  was  found  to  rise  in  the  bore.  The  powder 
was  then  stopped,  carefully  tampecl,  and,  in  order  to  avoid  the 
chance  of  a  miss-fire,  three  fuses  were  inserted.  If  the  shot 
worked  well,  it  was  no  uncommon  sight  to  see  2,000  tons  of  pure 
mineral  brought  down  by  one  blast.  Much,  however,  dei)ends  on 
the  judicious  selection  of  the  placing  of  the  shot.  The  ore  had 
simply  to  be  broken  up  by  means  of  dynamite,  selected  and  loaded 
into  waggons.  This  brings  us  to  the  means  of  transport,  which 
may  be  classified  as  follows: — Railways,  wire  tramways,  inclined 
planes,  bullock  carts.  Of  the  first  we  have  the  Orconera  Ii'on  Ore 
Go's.  Bail  way,  which  brought  down  728,607  tons  during  the  year 
1881;  the  Franco  Beige  Railway,  150,501  tons;  the  Pi-ovincial 
Deputation,  which  carried  1,161,025  tons;  and  the;  Bilbao  Iron 
Ore  Ca's  Railway,  which  carried  441,906  tons. 

The  excellence  of  the  work  done  by  the  Orconera  Co.,  the  hand- 
ling of  such  large  quantities  by  the  Deputation  under  condibionb 
which  must  be  admitted  unfavourable,  and  the  engineering 
difficulties  overcome  in  the  construction  of  the  Galdames  Railway, 
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are  the  most  notewortky  points  in  connection  with  the  railway 
means  of  transpoH. 

Wire  Tramways, — ^This  system  of  transport  has  been  largely 
made  use  of,  and  often  with  exceedingly  good  results.  In  places 
where  the  construction  of  a  railway  was  either  impracticable,  or 
would  have  been  attended  with  great  expense,  wire  tramways  have 
been  substituted.  The  placing  of  a  number  of  wooden  trestles 
down  the  side  of  a  hill,  at  distances  according  to  circumstances,  an 
endless  steel  rope  running  over  pulleys  mounted  on  the  trestles,  and 
a  stationary  engine  at  one  end,  is  all  that  is  required.  The  buckets, 
which  generally  consist  of  barrels  sawn  in  halves,  are  fixed  on  the 
rope  by  means  of  a  hook  or  clip.  A  more  detailed  description  of 
this  system  of  transport  would  come  in  more  properly  under  the 
Mechanical  Section  of  this  Society.  The  same  may  be  said  about 
inclined  planes. 

Bullock  Carts, — This,  the  most  antiquated  of  all  the  means  of 
transport,  is  still  extensively  employed — so  tenaciously  do  Spaniards 
adhere  to  old  manners  and  customs.  To  a  stranger,  standing  either 
at  Ortuella  or  Pucheta,  and  seeing  the  long  array  of  bullock  carts 
slowly  wending  their  way  to  the  mineral  stations  over  badly- 
constructed  roads,  the  sight  is  an  interesting  one.  There  is  one 
advantage  this  system  possesses  over  any  other  means  of  transport 
in  the  district,  the  bidlocks  are  more  suited  for  the  climate  and  the 
work  than  either  horses  or  mules — strong  and  patient.  I  regret  to 
say  they  are  often  subject  to  the  most  barbarous  treatment  from 
the  hands  of  their  drivers. 

Statistics. 


Total  Output,  ... 

1878. 
Tons. 
1,224,730 

1879. 
Tons. 
1,117,836 

1880. 
Tons. 
2,345,598 

1881. 
Tons. 
2,500,532 

Campanil, 
Rubio  and  Vena, 

1,516,051 
1,284^699 

2,800,075 

An  analysis  of  these  quantities  shows  the  following  proportions 
taken  by  the  undermentioned  countries : — 

Eogland,  \ 
Scotland,  j  " 
Holland,  .. 
France, 
Belgium, 
America, 

Percent. 

74 

80 
12^ 
5-0 
•5 

Per  cent. 
63-75 
11 

18-26 
3-5 
1-5 

Per  cent. 

72-00 

12-50 
10-50 
3-50 
1-50 

Per  cent. 

68-75 

13-50 
13-50 
3-50 
-75 
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It  should  be  noted  that,  whilst  74  per  cent,  of  the  total  output 
of  1878  represents  an  aggregate  of  963,483  tons  delivered  in 
England  and  Scotland,  68f  per  cent  of  the  total  output  of  1881 
represents  a  tonnage  of  1,713,639,  or  an  increase  of  810,150  tons 
in  the  short  space  of  three  years;  in  other  words,  the  consumption 
of  Spanish  ore  in  Great  Britain  has  about  doubled  itself  in  the 
time  already  mentioned. 

Coming  nearer  home,  we  find  Scotland  credited  with  47,445  tons 
in  1878,  whilst  in  1881  the  quantity  imported  had  lisen  to  246,634 
tons.  These  figures  are  sufficient  in  themselves  to  justify  this 
Sooiety  in  obtaining  all  the  information  they  can  on  so  impoi*tant 
a  subject.  I  may  mention  the  increased  imports  into  England  have 
been  generally  distributed — South  Wales  taking  the  largest  share, 
for  reasons  already  referred  to  in  the  beginning  of  this  pai)er. 

How  long  are  the  deposits  to  last?  is  a  question  that  may 
naturally  be  asked,  as  it  is  one  of  importance,  not  only  to  Great 
Britain,  but  to  Europe.  No  attempt  has  been  made  by  the  Spanish 
Government,  nor  by  the  Provincial  Authorities,  who  have  so  much 
benefited  by  the  development  of  the  mines,  to  prove,  by  boring 
or  otherwise,  the  extent  of  the  deposita  Engineers  have  calculated, 
feom  data  of  their  own,  the  existence  of  about  160,000,000  tons 
of  ore.    This  estimate  can  only  be  taken  as  approximate. 

There  can  be  no  doubt  that  the  consumption  of  campanil  far 
exceeds  the  known  supply,  and,  as  the  fioor  of  the  ore  has  been 
reached  in  many  of  the  mines,  it  is  simply  a  question  of  a  few  years 
when  the  exhaustion  will  be  complete.  A  competent  authority 
states  the  present  output  of  campanil  may  be  maintained  for  other 
five  years.  After  that  it  will  dwindle  doyni  to  comparative 
insignificance,  and  in  ten  years,  unless  new  deposits  are  found 
under  workable  conditions,  the  supply  will  have  almost  entirely 
ceased. 

On  the  other  hand,  rubio,  which  forms  by  far  the  greater  pro- 
portion of  the  whole  deposits,  exists  in  quantities  sufficient  to  supply 
idl  known  wants  for  a  long  time  to  come,  and  it  is  to  this  mineral 
we  must  look  for  our  supplies  in  the  future.  Many  rubio  mines, 
which— owing  to  their  geographical  position  and  the  difficulties 
attending  the  transport  of  the  ore — have  lain  untouched,  arc  now 
brought  within  reach  of  the  shipping  port.  All  that  this  ovq 
requires  is  care  in  the  mining  and  classification.  Give  it  this,  and 
it  is  quite  as  suitable  for  the  ironmasters'  wants  as  campanil. 

It  is  quite  natural  steel-makei-s  by  the  Siemens'  process  will 
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prefer  using  campanil  so  long  as  they  can  get  it.  I  would  recom- 
mend brown  ore  to  theii-  attention;  they  can  get  it  larger  and 
rounder  than  the  campanil,  owing  to  its  bearing  transport  better, 
and  in  using  it  they  will  only  accustom  themselves  to  what  they 
must  inevitably  fall  back  on  or  go  elsewhere — and  that  place  has  yet 
to  be  discovered — for  fresh  deposits  of  ore  similar  to  campanil. 

Iron-makino  in  Spain. 

For  many  years  the  question  of  smelting  Spanish  ores  on  their 
own  ground  had  engaged  the  attention  uf  English  capitalists. 
Previous  to  the  late  Carlist  war,  a  company  was  formed,  land 
purchased  at  San  Nicolas,  and  the  ei*ection  of  blast  furnaces  began. 
The  unfortunate  civil  war  above  referred  to,  and  which  had  for 
the  centre  of  its  operations  the  very  heart  of  the  iron  ore  district, 
stopped  for  a  time  the  completion  of  these  works.  After  peace 
was  restored  the  works  were  not  proceeded  with,  for  reasons  best 
known  to  those  interested.  Ultimately  they  were  purchased  by  a 
S|>anish  nobleman,  completed  and  put  in  operation,  with  results 
that  can  only  be  termed  gratifying  to  the  lucky  purchaser  of 
these  works.  It  may  be  useful  to  examine  in  detail  a  few  of  the 
facts  connected  with  the  manufacture  of  pig-iron  at  home  and 
abroad. 

In  Cumberland  it  requii*es  36  cwt.  of  ore  to  make  one  ton  of 
pig-iron.    Take  the  cost  at  15s.  6d.  for  ore  delivered  into  works. 

36  cwt.  at  158.  6d.  per  ton,  27  10 

In  the  Bilbao  diatrict,  say  2  tons  of  ore  at  76.  38.  per  ton,     14  6 

13  4 

Showing  a  difference  in  favour  of  making  pig-iron  in  Spain  of 
13s.  4d.  per  ton  of  pig-iron  in  so  &r  as  ore  is  concerned,  and  this 
is  substantially  accurate  as  regards  the  other  items  in  the  cost  of 
making  pig-iron. 

The  best  Durham  coke  can  be  shipped  either  in  T3me  or  Tees,  and 
taken  to  Bilbao  for  a  mere  fraction  more  than  the  railway  carnage 
on  the  same  coke  into  the  Cumberland  district — this  fractional 
increase  in  cost  of  transit  being  more  than  compensated  for  by 
using  a  less  quantity  per  ton  of  pigs  made,  owing  to  the  Spanish 
ores  being  more  easily  reduced  in  the  blast  f  urnacea  Limestone 
is  abundant  and  cheap,  and  the  same  remarks  apply  to  labour. 
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whilst  the  absence  of  all  trades  combinatious  on  the  part  of  the 
workman  removes  one  of  the  long-standing  difficulties  ironmasters 
have  had  to  tight  in  this  country.  Outward  freights  with  pig-iron 
to  continental  ports  are  no  dearer  than  from  England,  whilst  for 
oonsumption  in  Spain  a  protective  duty  of  about  20s.  per  ton, 
places  in  the  hands  of  the  Spanish  ironmaster  the  means  of 
realising  a  handsome  profit.  Take,  for  example,  Middlesbro'  pig- 
iron,  as  being  the  cheapest,  and  therefore  bought  by  the  copi)er 
companies  in  the  South  of  Spain  for  precipitating  copper  from 
pyrites,  as  costing  42s.  6d.  per  ton,  add  lOs.  freight  and  20s. 
duty,  bringing  the  total  cost  delivered  at  72s.  6d.  per  ton.  How 
different  with  pig-iron  made  iii  the  country,  its  cost  not  more 
than  42b.  6d.,  with  say  7s.  6d.  freight,  to  the  South  of  Spain,  or 
oOs.  against  72s.  6d. — a  difference  of  22s.  6d.  in  favour  of  Spanish 
pig.  True,  it  may  be  said  hematite  pig  is  too  good  for  the  copper 
oompaniea  I  should  suppose  the  only  question  they  had  to  con- 
sider was  price,  not  quality. 

The  establishing  of  iron  works  in  the  North  of  Spain  would  be 
of  immense  benefit  in  another  way.  On  account  of  dear  freight 
to  this  country  ironmasters  have  been  compelled  to  insist  on  a 
high  standard  of  quality,  and,  in  order  to  maintain  this,  immense 
quantities  of  poor  ore— say  about  40  per  cent  metallic  iron — have 
to  be  saci-ified,  simply  thrown  aside  as  rubbish.  Establish  iron 
works,  and  you  could  easily  get  this  ore  at  so  low  a  cost  that  it 
would  more  than  compensate  for  the  additional  quantity  of  coke 
required  to  smelt  it.  It  would  also  remove  one  fruitful  source  of 
oomplaint  from  ironmasters  at  home.  If  Spaniai*ds  had  a  market 
nearer  home  they  would  be  less  disposed  to  sund  their  poor  oi-e  to 
England. 

it  may  be  asked,  What  ettect  would  the  success  of  the  Thomas- 
Gilchrist  process  have  on  the  ore  deposits  of  Bilbao,  or  the  making 
of  pig-iron  in  that  districti  I  am  not  at  all  apprehensive  of  any 
change  either  for  better  or  worse — certainly  not  the  latter.  Sup- 
poning  it^  for  argument's  sake,  possible  to  make  as  good  steel  for 
all  purposes — not  rails  o^iljjy  but  shipbuilding,  ttc,  &c. — from  basic 
pig  as  from  hematite  pig  iron,  Cumberland  ironmasters  would,  I 
presume,  find  relief  in  lowering  of  the  royalties  on  ore,  decreased 
railway  rates,  and  the  develojment  of  the  local  coal-fields.  Ihe 
effect  of  the  latter  would  be  a  large  decrease  in  the  consumption  of 
Durham  coke  in  Cumberland.  This  would  naturally  be  loUowed 
by  a  redaction  in  price  of  Durham  coke,  from  which  the  Spanish 
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ironmaster  would  receive  benefit  Again,  the  success  of  the 
Thomas-Gilchrist  process  means  less  consumption  of  hematite  ore. 
Decrease  the  consumption  of  an  article,  and  at  the  same  time 
increase  its  productive  capacity,  and  you  at  once  lower  the  value. 
Spanish  ores  would,  therefore,  be  of  less  value  than  ever;  and  here 
again  is  a  point  in  favour  of  making  pig-iron  on  the  spot.  The 
success  of  the  Thomas-Gilchrist  process,  however,  has  not  been 
assured  to  us  by  any  results  placed  before  the  public.  With  an 
increased  cost  in  the  plant  necessary  for  the  working  of  the  process, 
an  admitted  increase  in  the  cost  of  conversion  of  basic  pig  into  steel, 
it  appears  to  me  that  those  who  can  make  hematite  pig-iron  at  the 
prices  I  have  indicated  in  a  former  part  of  this  paper,  stand  the 
best  chance  of  holding  their  own  in  the  present  keen  competition 
which  is  prevalent  in  every  branch  of  iron  and  steel  manufecture. 

This  subject  might  be  prolonged  to  any  extent.  I  would  liked  to 
have  told  you  something  about  the  hematite  ores  of  Santander, 
and  then,  going  still  further  west,  take  you  into  the  province  of 
Asturias,  a  province  rich  in  both  coal  and  iron  ore — coal  perfectly 
good  enough  for  smelting  purposes,  and  which,  under  proper  treat- 
ment, makes  good  coke — the  ore,  a  siliceous  hematite,  containing 
45  to  50  per  cent,  metallic  iron,  and  unfortunately  2*0  per  cent, 
phosphorus,  existing  in  quantities  much  more  abundant  than  the 
Biscayan  deposits. 

I  trust  in  what  I  have  said  to-night  I  may  have  been  the  means 
of  communicating  information  to  some  whose  opportunities  have 
been  of  a  more  limited  nature  than  my  own,  and  let  me  conclude 
that  in  what  I  have  spoken  T  claim  no  originality.  A  few  plain 
facts  concerning  an  important  industry  have  been  placed  befora  you, 
in  the  doing  of  which  I  have  had  the  greatest  possible  pleasure. 


Note. — For  the  statistics  given  in  the  above  Paper  I  have  to  acknowledge 
my  indebtedness  to  the  valuable  Paper  of  Mr.  William  Gill,  of  the  Oroonera 
Iron  Ore  Company,  read  before  the  Iron  and  Steel  Institute,  May,  1882. 
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XIV. — On  the  me  of  Rosalie  Acid  as  an  Indicator,  vnth  additional 
Notes  on  Phenolphthalein  and  Methyl  Orange.  By  Robert  T. 
Thomson. 


[Read  before  the  Chemical  Section,  19th  March,  1883.] 


The  following  notes  are  simply  an  addition  to  my  fonner  paper  on 
the  use  of  litmus,  methyl  orange,  phenacetolin,  and  phenolphthalein 
as  indicators.  The  object  in  view,  as  I  stated  before,  was  to 
determine  the  value  of  each  indicator  when  applied  to  the  estimation 
of  alkalis  and  free  acids,  and  to  ascertain  the  effect  (if  any)  of  the 
impurities,  such  as  sulphites,  sulphides,  phosphates,  drc,  usually 
found  in  commercial  hydrates  and  carbonates  of  the  alkalis.  The 
tests  were  carried  out  in  precisely  the  same  way  as  described  in  the 
former  part  of  this  paper. 

(1)  Delicacy  of  Rosolic  Acid  in  absence  of  interfering  agents, — 
The  solution  employed  contained  2  grams,  of  rosolic  acid  per  litre, 
50  per  cent  alcohol  being  the  solvent  used.  To  test  the  delicacy 
of  this  indicator  -5  c.c.  of  its  solution  was  added  to  100  c.c.  of 
distilled  water  and  decinormal  hydrate  of  sodium  (1  cc.  =  '0031 
gram.  Na^O)  dropped  in.  To  effect  the  complete  transformation 
of  the  pale  yellow  to  a  deep  pink  colour  only  -1  c.c.  of  the  standard 
alkali  was  required.  This  is  equal  to  '01  cc.  of  normal  alkali,  and 
this  figure  should  be  borne  in  mind  for  the  sake  of  comparing  the 
delicacy  of  the  rosolic  acid  in  absence  of  interfering  agents  with  its 
delicacy  in  prescence  of  the  salta  to  be  examined. 

(2)  Application  of  Rosolic  Add  to  the  determination  of  availabU 
alkali  in  pure  hydrate,  carbonate,  and  bicarbonate  of  sodium  and 
potassium. — It  is  hardly  necessary  to  give  a  detailed  account  of 
this  portion  of  the  subject.  Several  tests  were  made  with  quantities 
of  the  hydrate  and  carbonate  of  sodium  and  potassium  containing 
1*56  gram,  of  Na,0,  and  2*355  gram,  of  K^O  respectively,  with  the 
restdt  that  exactly  these  amounts  were  obtained  in  each  case  by 
titration  with  normal  sulphuric  acid.  The  deep  pink  colour  retains 
its  original  intensity  up  to  the  point  at  which  bicarbonate  of  sodium 
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is  produced,  but  soon  gives  place  to  pale  yellow,  owing  to  the  action 
of  the  liberated  carbonic  acid.  It  is  therefore  necessary  to  boil  the 
solution  thoroughly  after  each  addition  of  acid  to  bring  back  the 
pink  colour,  and  when  this  is  attended  to  the  end-reaction  is 
extremely  delicate,  and  can  be  effected  by  at  least  one  drop  (about 
•05  c.c.)  of  normal  acid. 

(3)  Determiyiation  of  free  ammonia. — Several  experiments  made 
in  each  case  with  a  solution  containing  -85  gram,  of  ammonia  (NH,) 
gave  identical  and  accurate  results.  The  pink  colour  remained 
undiminished  in  intensity  until  49*8  c.c.  of  the  normal  acid  had 
been  consumed ;  but  on  further  addition  of  acid  drop  by  drop,  the 
pink  slowly  acquired  a  yellow  tinge,  and  when  60  c.c.  had  been 
added  the  former  was  wholly  eliminated,  leaving  only  the  pale 
yellow  colour;  but  although  this  is  the  case,  the  end-reaction  is 
tolerably  distinct.  This  decrease  in  delicacy  of  the  rosolic  acid  is 
not  due  to  carbonic  acid,  as  the  ammonia  employed  did  not  contain 
an  appreciable  quantity  of  carbonate ;  but,  as  I  shall  show  presently, 
is  owing  to  the  action  of  the  salt  of  ammonium  formed.  Rosolic 
acid  has  been  specially  recommended  as  an  indicator  for  ammonia 
determinations,  but  it  is  evident  that  it  has  no  peculiar  value  for 
that  purpose,  even  the  much-abused  litmus  being  considerably 
superior  to  it. 

(4)  Effect  of  sulphate,  chloride,  and  nitrate  of  sodium,  potassium, 
and  ammonium. — The  quantities  of  these  salts  operated  upon  were 
equivalent  to  1*56  gram,  of  soda  (Na^O),  2*355  gram,  of  potash 
(KgO),  and  -85  grams,  of  ammonia  (NHj)  respectively.  The 
presence  of  these  salts  of  sodium  and  potassium  does  not  sensibly 
affect  the  delicacy  of  the  rosolic  acid,  but  each  of  the  salts  of 
ammonium  required  2  c.c.  of  normal  hydrate  of  sodium  to  develop 
fully  the  deep  pink  colour,  as  against  -01  c.c.  when  tested  with 
distilled  water  alone. 

(5)  Effect  of  sulphite  of  sodium. — The  remainder  of  the  experi- 
ments were  made  only  on  sodium  salts,  as  I  did  not  think  it  neces- 
sary to  examine  further  the  potassium  and  ammonium  salts.  Two 
tests  were  made  with  3*15  grams,  of  normal  sulphite  of  sodium, 
which  contain  155  gram,  of  soda  (Na,0).  When  titrated  in  the 
cold  only  *2  c.c.  of  normal  sulphuric  acid  was  required  in  both  cases 
to  destroy  the  pink  colour,  but,  when  boiled,  6  and  6*2  c.c.  were 
respectively  necessary,  the  results  being,  in  the  cold  006,  and  in 
the  hot  '155  and  '161  gram,  of  soda  (Na,0).  On  cooling  the 
boiled  solution  and  titrating  back  with  normcd  soda,  4*8  cc.  were 
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required  to  restore  the  pink  colour.  From  these  rasults  it  is 
evident  that  normal  sulphite  of  sodium  (Na^SO,)  is  practically 
neatral  to  rosolic  acid  in  the  cold,  which  it  also  is,  as  I  showed 
before,  to  phenolphthalein,  while  to  methyl  orange,  litmus,  and 
phenacetolin  the  bisulphite  (NaHSO,)  is  the  neutral  salt.  It  is 
noteworthy  that  the  two  last-named  indicators  give,  with  the 
sulphite,  very  undecided  end-reactions,  while  the  three  former  give 
very  sharp  and  well-defined  end-reactions. 

(6)  Efftci  of  thiosufphaU  of  sodium. — This  salt  is  perfectly 
neutral  to  rosolic  acid. 

(7)  Effect  of  ardphide  of  sodium, — ^The  wliole  of  the  sodium  in 
this  compound  is  accurately  estimated  by  standard  sulphuric  acid, 
with  rosolic  acid  as  indicator.  The  pink  colour  retained  its  original 
intensity  until  the  sodium  hydrogen  sulphide  (NaUS)  was  formed, 
but  on  further  addition  of  acid  gave  place  to  yellow,  owing  to  the 
action  of  the  liberated  sulphuretted  hydrogen.  On  boiling,  the 
pink  colour  returned,  and  a  very  sharp  end  ]*eaction  was  secured. 
It  is  only  necessary  to  state  that  the  results  agreed  substantially 
with  those  obtained  with  methyl  orange  and  litmus. 

(8)  Effect  of  phosphate  of  sodium. — Two  tests  were  made  with 
1*775  grams,  of  monoacid  ortbophosphatc  of  sodium,  which  contains 
*775  gram,  of  soda  (Na^O).  In  one  case  12,  and  in  the  other 
12*2  0.0.  of  normal  acid  were  necessary  to  complete  the  change 
finom  deep  pink  to  yellow.  As  the  transformation  in  colour  was 
gradual,  the  end-reaction  was  extremely  unsatisfactory.  The 
results,  however,  show  that  the  monoacid  sodium  phosphate  is 
strongly  alkaline,  and  the  diacid  salt  practically  neutral  to  rosolic 
acid.  It  is  noteworthy  that  rosolic  acid  agrees  in  this  respect  with 
litmus,  methyl  orange,  and  phenacetolin,  ])ut  differs  from  phenolph- 
thalein, which  indicates  the  monoacid  phosphate  as  the  neutral 
salt ;  while  normal  sodium  sulphite  is  neutral  to  both  rosolic  acid 
and  phenolphthalein,  but  strongly  alkaline  to  litmus,  methyl  orange, 
and  phenacetolin. 

(9)  Effect  of  silicate  of  sodium. — With  rosolic  acid  as  indicator, 
the  whole  of  the  soda  can  be  estimated  by  titration  with  standard 
sulphuric  acid.  This  must  be  done  in  a  boiling  solution,  as  other- 
wise a  good  end-reaction  is  not  obtainable.  The  tests  were  made 
side  by  side  with  experiments  made  on  the  same  quantity  of  silicate 
of  sodium  and  using  methyl  orange  as  indicator.  The  results  were 
identical. 

(10)  J^ect  of  alumina.  —  The  solution  employed  for  each 
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experiment  contained  '775  gram,  of  available  soda,  and  *103  gram, 
of  alumina.  In  one  titration  25*2  cc,  and  in  the  other  25*25  c.c. 
of  normal  sulphuric  acid  were  consumed,  which  show  *781  and  *782 
gram,  of  soda  respectively,  instead  of  775.  Bosolic  acid  thus 
behaves  in  much  the  same  way,  and  gives  high  results  to  the  same 
extent,  as  litmus. 

(11)  Effect  of  niWite  of  sodium, — This  salt  is  quite  neutral  to 
rosolic  acid. 

(12)  Determination  of  soda  in  borax. — Rosolic  acid  is  not  well 
fitted  for  use  in  this  titration,  as  the  end-reaction  is  extremely 
indistinct.  A  solution  containing  1*683  grams,  of  biborate  of 
sodium  (Na^B^O.),  which  is  equal  to  *516  grams,  of  soda,  was 
employed;  but  after  the  addition  of  13*6  c.c.  of  normal  sulphur 
acid,  its  pink  began  to  assume  a  yellow  tint,  and  the  former  colour 
was  not  discharged  till  16*6  c.c.  had  been  consumed.  This  latter 
result  gives  '514  gram,  of  soda  as  against  '516  actually  present. 
I  showed  before  that  the  best  indicator  for  borax  was  methyl 
orange,  which  gives  a  well-defined  end-reaction. 

(13)  Determination  of  free  sulphuric,  nitric,  hydrochloric,  and 
oxalic  acids, — Bosolic  acid  is  an  excellent  indicator  for  use  in  the 
determination  of  these  free  acids,  either  by  standard  hydrate  of 
sodium  or  potassium,  the  end-reaction  being  extremely  delicate. 

(14)  Determination  of  free  tartaric  acid — For  this  purpose 
rosolic  acid  is  not  so  well  fitted  as  phenolphthalein ;  but  the  end- 
reaction  is  tolerably  distinct,  and  fairly  accurate  results  are  ob- 
tainable. 

(15)  Determination  of  free  acetic  and  citric  acids, — Rosolic 
acid  is  useless  as  an  indicator  in  the  determination  of  these  acids, 
as,  besides  the  end-reactions  being  very  indefinite,  normal  acetate 
of  sodium  is  slightly,  and  normal  citrate  of  sodium  considerably 
alkaline  to  this  indicator.  In  this  respect  rosolic  acid  resembles 
litmus,  while  the  delicacy  of  phenolphthalein,  and  the  accuracy 
of  the  determinations  made  with  it,  are  perfect 

It  is  plainly  evident,  on  taking  a  survey  of  the  above  results, 
that  rosolic  acid  has  no  particular  superiority  over  other  indicators, 
unless  in  some  cases  the  fact  of  normal  sulphite  of  sodium  being 
neutral  to  it  in  cold  solutions,  may  be  found  useful  In  nearly 
every  case  it  behaves  like  litmus,  and  has  none  of  the  good  quali- 
ties not  possessed  by  the  latter  indicator,  but  which  distinguish 
phenolphthalein,  methyl  orange,  and  phenacetolin. 

Having  now  concluded  the  consideration  of  rosolic  acid,  I  will 
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give  a  few  supplementary  notes  on  the  use  of  plionolphtlialein 
and  methyl  orange  as  indicators. 

(1)  Detennination  of  free  citric  and  acetic  acid^t. — In  the 
former  portion  of  this  paper  phenolphthalehi  was  recommended 
as  being  the  only  i)erfect  indicator  for  this  puri)ose,  but  it  was  not 
mentioned  that  the  titration  should  be  done  in  the  cold.  The 
reason  for  this  is,  that  although  the  normal  citrate  and  acetate  of 
sodium  are  quite  neutral  to  phenolphthalein  in  the  cold,  yet  when 
helited  they  give  a  slightly  alkaline  reaction  (this  is  especially  the 
case  with  the  citrate),  so  that  a  sensibly  high  result  would  be  ob- 
tained in  a  hot  solution.  Of  course,  in  the  case  of  acetic  acid  a 
hot  solution  dare  not  be  used,  unless  excess  of  soda  is  fii*st  added, 
and  titrated  back  with  acid. 

(2)  Phenolphthalein  as  an  indicator  in  the  determination  of 
free  ammonia. — This  is  a  very  important  point  to  which  special 
attention  should  be  directed,  particularly  with  the  view  of  cor- 
i-ecting  some  misleading  statements  that  have  been  published 
respecting  this  indicator.  I  pointed  out  formerly  that  i)henolph- 
thaleln  was  incapable  of  showing  at  what  i)oint  a  solution  con- 
taining a  salt  of  ammonium  was  neutral,  the  reason  being  that 
such  a  salt  had  the  effect  of  destroying  the  red  colour  produced  by 
the  ammonia,  even  when  the  latter  was  j)resent  in  considerable 
proportion.  Phenolphthalein  has,  however,  been  directly  recom- 
mended as  an  indicator  for  ammonia  by  one  author,  and  the 
monoacid  phosphates  of  sodium,  potassium,  and  annnonium  have 
been  stated  by  another  chemist  to  be  neutral  to  it.  This  is  true 
as  regards  the  phosphates  of  sodium  and  potassium,  but  with  the 
ammonium  salt  no  definite  neutral  point  is  obtainable  owing  to  the 
decolourizing  action  of  the  salt  itself.  The  experiments  made  by 
these  chemists  have  evijlently  been  confined  to  potassium  and 
Rodium  salts,  wliile  the  behaviour  of  the  ammonium  salts  liave 
lH»en  simply  assumed  from  these  results.  These  facts  show  how 
incorrect  statements  may  be  made  by  trusting  solely  to  the  analogy 
Ijetween  the  salts  of  the  alkali  metals  and  ammonium. 

(3)  Valuation  of  ])ho8phate  of  sodium  or  jyotassiinn  and  phos- 
phoric acid, — In  the  former  portion  of  this  paper  I  had  occasion 
to  describe  the  behaviour  of  normal  orthophosphate  of  sodium  and 
potassium  when  titrated  with  sulphuric  acid,  methyl  orange  and 
phenolphthalein  being  used  respectively  as  indicators.  The  neutral 
point  with  methyl  orange  is  reached  when  the  diacid  phosphate 
(NaHjPO^  or  KH,P04)  is  formed,  while  with  phenolphthalein 
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the  neutral  salt  is  the  monoacid  phosphate  (Na ,  HPO  4  or  K ,  HPO  ^ ). 
On  this  definite  difference  of  indication  (which  represents  exactly 
one-third  of  the  phosphoric  acid  present)  I  have  ventured  to  base 
a  process,  which  gives  fairly  accurate  results,  for  the  valuation  of 
any  of  the  orthophospbates  of  sodium  or  potassium,  or  of  phosphoric 
acid.  This  is  certainly  a  determination  that  is  seldom  required, 
but  a  rapid  process  of  this  description  is  at  least  of  some  interest, 
and  may  occasionally  be  found  useful.  The  method  consists  in 
adding  to  5  or  10  grama,  of  the  sample,  previously  dissolved  in 
about  80  C.C.  of  water,  normal  sulphuric  acid  from  a  burette  till 
the  faintly-acid  reaction  with  methyl  orange  is  obtained,  or,  in  the 
case  of  phosphoric  acid,  normal  caustic  soda  is  added  to  the  same 
point.  The  amount  of  acid  or  alkali  added  need  not  be  measured, 
as  the  object  is  simply  to  add  exactly  enough  to  produce  the  diacid 
phosphate.  The  mixture  is  now  boiled  for  a  short  time  to  expel 
carbonic  acid,  if  present ;  then  cooled  (if  the  solution  is  kept  hot  a 
low  result  will  be  the  consequence),  a  little  phenolphthalein  added, 
and  the  titration  accomplished  by  normal  caustic  soda  or  potash, 
one  c.c.  of  which  will  represent  -098  gram,  of  phosphoric  acid 
(H3PO4),  or  -142  gi-am.  of  monoacid  sodium  phosphate  (Na^HPO^). 
Several  tests  were  made  of  a  sample  of  ordinary  phosphate  of  soda, 
the  results  being  controlled  by  two  determinations  by  precipitation 
with  magnesia  mixture.    The  following  were  the  results — 


Bt  Alkalimetric  Method. 

Bt  Prkcipitatioh  ab 

Grams,  of  Phosphate 
'     of  Soda  tested. 

1  

c.c.  of  iionnal  NaHO 
consumed. 

Percentage  of 
Na,nP04. 

Percentafi^  of 
NaaHP04. 

10 

28-1  ^ 

3990 

40-29 

5 

141 

40-04 

40-35 

5 

141 

40-04 

The  theoretical  percentage  of  dry  phosphate  of  sodium  in  the 
crystallized  compound  is  39-66.  It  will  be  readily  seen,  from  the 
nature  of  the  process,  that  the  presence  of  carbonate,  sulphate, 
chloride,  nitrate,  thiosulphate,  or  sulphide  of  sodium  or  potassium, 
will  not  influence  the  accuracy  of  the  resulta  If  sulphite  of 
sodium  is  present,  it  must  first  be  oxidized  to  sulphate  by  the 
addition  of  a  little  peroxide  of  hydrogen  (excess  of  which  does 
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not  affect  the  delicacy  of  tho  inrlicatoi's),  as  otherwise  a  high  result 
would  be  obtained. 

It  will  be  observed  that  I  have  not  noticed  tlio  application  of 
phenolphthaleSu  as  an  indicator  in  the  determination  of  caustic 
alkali  in  soaps,  of  free  and  combined  fatty  acids  in  oils  and  fats, 
and  of  resin  acids — the  reason  being  that  this  subject  has  been 
fully  entered  into  by  various  chemists. 

In  conclusion,  I  may  state  that  I  am  examining  further  the 
behaviour  of  phenol phthalein,  methyl  orange,  phenacetolin,  rosolic 
acid,  litmus,  and  other  indicators,  with  other  chemical  compounds, 
having  in  view  the  special  object  of  extending  their  employment, 
if  possible,  in  the  analysLs  of  commercial  chemical  products. 
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XV. — Closing  Address  to  the  Architectural  Section.     By  James 
Sellars,  Jt  n.,  I.  a.,  President  of  the  Section. 


[Read  before  the  Section,  26th  March,  1883.] 


The  work  of  the  present  session  ends  to-night,  and  it  is  my 
privilege  to  have  the  last  word.  Presidential  utterances  are 
supposed  to  be  indisputable,  and  therefore  it  is,  I  presume,  that  no 
discussion  is  expected.  I  do  not  know  if  this  is  an  advantage, 
however,  as  it  restricts  very  much  the  kind  of  subject  which  one 
might  choose,  and  debatable  matter  has  to  be  avoided  as  far  as 
l)Ossible.  My  remarks  will  bo  \ory  general.  I  shall  confine 
myself  to  a  few  references  to  the  work  of  the  past  session,  and 
aftei^wards  make  some  observations  on  matters  of  public  interest 
— matters,  however,  in  which  the  members  of  this  Section  have  a 
special  interest. 

The  life  of  any  body  or  society  is  very  like  the  life  of  an  indi- 
vidual. To  preserve  a  healthy,  vigorous  condition,  it  must  not 
only  have  some  useful  work  to  do,  but  it  must  endeavour  to  do  it 
well;  and  if  it  does  so,  even  although  the  results  are  not  every- 
thing which  could  be  desired,  it  will  be  able  to  look  back  on  each 
year  of  its  life  with  the  feeling  that  it  has  not  existed  in  vain. 

Now,  I  venture  to  think  that  we,  as  a  society,  may  lay  claim 
to  having  done  good  useful  work  during  the  past  year — work  which, 
I  think,  has  not  only  been  useful  and  instructive  to  ourselves,  but 
of  some  public  service.  In  a  greater  degree  than  is  the  case  with 
most  societies  of  a  similar  kind,  the  subjects  we  discuss  have  an 
interest  outside  the  narrow  limits  of  our  membership.  The  arrange- 
ment and  construction  of  buildings  is  our  daily  work,  and  subjects 
connected  with  that  are  of  special  interest  to  us;  but  the  general 
public  are  also  deeply  interested  in  such  matters,  and  are  becoming 
more  so  every  day.  I  think  it  is  fortunate  that  this  is  so.  The 
more  they  know  of  the  subject,  and  the  more  they  are  able  to 
appreciate  good  work  when  they  get  it,  the  better  it  will  be  for 
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those  who  endeavour  to  design  and  construct  buildings  which  will 
fulfil  the  requirements  of  good  taste,  «ound  construction,  and  sani- 
tary science. 

Nearly  all  the  papers  read  during  the  past  session  have  been  of 
an  eminently  prfiwjtical  kind.  On  the  opening  night  we  had  a  paper 
from  Mr.  John  Dansken,  on  "Building  Construction,  with  Special 
Relation  to  Protection  from  Fire" — a  subject  evidently  re(iuiring 
attention,  in  view  of  the  unprecedented  number  of  fires  which  have 
taken  place  during  the  past  year,  many  of  which,  1  have  no  hesi- 
tation in  saying,  are  due  to  malconstruction  or  careless  and  reckless 
execution  of  work.  Very  much  more  stringent  regulations  must 
be  made  in  regard  to  buildings  being  constructed  so  as  to  minimise 
the  chances  of  fire,  and  to  localize  it  when  it  does  occur,  either  in 
the  new  Police  Bill  or  in  a  sepai-ate  building  Act.  1  shall  pa.ss 
from  this,  however,  in  the  meantime,  as  I  mean  to  refer  to  it 
fiirther  on. 

Then  followed  a  paper  by  Mr.  John  Hay,  on  Ventilation 
considered  in  relation  to  the  opposite  Seasons  of  the  Year  " — also 
a  subject  of  great  interest,  both  to  those  who  have  to  do  with  the 
arrangement  of  buildings  and  those  who  have  to  use  them.  When 
it  is  considered  how  much  the  comfort  of  large  numbera  of  persons 
is  affected  by  the  arrangements  made  for  the  ventilation  of  the 
apartment  in  which  they  are  avssembled,  the  importance  of  the 
subject  cannot  be  oveirated,  nor  can  its  difficulties  be  exaggerated. 
Mr.  Hay  considered  the  question  in  relation  to  the  opposite  seasons 
of  the  year — that  is,  the  different  provisions  requiring  to  be  made 
for  ventilation  in  summer  and  in  winter;  and,  no  doubt,  it  is 
IX)6sible  to  an*ange  an  adequate  system  of  ventilation  for  these  two 
seasons,  provided  that  we  have  a  temperature  such  as  we  are 
entitled  to  expect  from  the  relative  position  of  the  earth  and  the 
sun  in  summer  and  in  winter.  But  the  fact  is  that  in  this  climate 
no  two  days  are  the  same.  In  winter  we  may  have  an  intensely 
cold  day,  followed  by  a  close  muggy  one — in  summer  a  warm,  genial 
day,  and  next  day  a  piercing  cold  east  wind.  Under  these  con- 
ditions a  ventilating  apparatus,  however  perfect,  requires  intelli- 
gent manipulation.  I  fear  it  is  a  very  general  experience,  however, 
that  the  ventilating  and  heating  apparatus — which  must  always 
be  considered  together — of  churches  and  halls  are  worked  without 
any  special  regard  to  the  outside  temperatui*e  on  a  particular  day. 
It  is  enough  that  it  is  the  winter  months,  and  it  ought  to  be  cold — 
the  fires  go  on,  and  any  openings  which  would  admit  fresh  aii*  or 


182 


PhilosophiccU  Society  of  Glasgow. 


carry  off  foul  air  are  shut;  although  the  temperature  may  be  such 
as  to  require  no  artificial  heating  whatever ;  or  it  is  the  summer 
months,  and  it  should  be  warn — therefore  there  is  no  heating, 
all  the  air  openings  are  open,  irrespective  of  the  cold  wind  which 
may  be  blowing,  when  the  closing  of  such  openings  and  a  modified 
heat  would  be  an  advantage.  If  I  might  make  a  suggestion  to 
Mr.  Hay,  it  would  be  that  he  should  prepare  a  paper  on  the 
management  of  heating  and  ventilating  apparatus,  which  might 
be  published  with  great  advantage.  He  would  confer  a  boon 
on  the  public  and  the  profession.  The  most  careful  planning 
of  interior  arrangement,  the  most  comfortable  seating,  the  most 
charming  and  refined  detail,  the  most  gorgeous  and  impressive 
decoration  is  utterly  lost,  and  the  architect  gets  no  credit  for 
such  things  if  the  public  have  to  listen  to  the  sermon  or  the 
symphony  with  their  coat  collars  turned  up  and  a  desire  to  put 
on  theii*  hats,  or  feeling  that  existence  would  only  be  endurable 
if  they  divested  themselves  of  more  clothing  than  public  decency 
would  permit. 

Then  there  is  the  other  diflSculty,  which,  I  fear,  the  most  scientific 
heating  and  ventilating  apparatus  and  the  most  careful  manage- 
ment of  the  same,  will  not  overcome — viz.,  that  there  may  be  in 
the  same  building  persons  whose  bodily  condition  requires  the 
temperature  of  an  oven,  and  others  unhappy  if  the  temperature  is 
much  above  freezing  point ;  persons  who  consider  the  admission 
of  fresh  air  in  any  form  a  disagreeable  draught,  and  others  who 
welcome  it  as  a  balmy  and  refreshing  breeze. 

Following  this  paper  we  had  excellent  practical  papers  from 
Mr.  James  Goldio  and  from  Mr.  C.  P.  Hogg,  C.E.,  on  "Bricks 
and  Brick-making  "  and  Foundations  " — the  former  a  subject 
regarding  which  we  in  Scotland  require  enlightenment.  Brick 
as  a  building  material  is  not,  in  my  opinion,  utilized  as  it  might 
be  here.  There  is  what  1  venture  to  call  a  stupid  prejudice 
against  its  use.  The  capabilities  of  the  material  are  not  well 
understood ;  we  have  only  to  look  at  what  is  done  in  England 
and  elsewhere  to  realise  this. 

The  brick-makers  and  builders  are  to  blame  to  a  large  extent. 
They  don't  respect  the  material  themselvea  In  England  each 
brick  intended  for  external  use  is  tenderly  handled  and  oared  for 
from  its  earliest  state  till  it  is  placed  in  the  wall  Here  the  bricks 
are  treated  as  if  they  were  so  many  pieces  of  coal ;  and  indeed,  by 
the  time  they  reacli  the  building  and  are  disohai^ged  en  masse  out 
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of  the  cart,  they  have  hardly  any  more  pretension  to  shape  than 
pieces  of  that  useful  mineral. 

For  internal  purposes,  however,  they  are  coming  into  more 
general  use.  For  backing  up  the  stone  facing  of  a  wall,  I  think 
they  are  to  be  preferred  to  ordinary  rubble  building.  Of  course, 
used  in  that  way,  they  increase  cost  very  much,  but  the  money  is 
well  spent.  Several  buildings  in  Glasgow  have  been  erected  in 
that  way,  and  I  understand  that  the  new  municipal  buildings  are 
to  be  80  built.  It  should  be  mentioned  here,  however,  that  a  wall 
built  in  that  way  is  open  to  the  objection  that  it  will  not  stand  the 
action  of  fire  to  the  same  extent.  Captain  Shaw,  the  chief  of  the 
fire  brigade  in  London,  speaking  of  composite  walls  and  the  action 
of  fire  on  them,  gives  it  oa  his  experience  that  they  will  fail  where 
a  wall  entirely  of  stone  or  of  brick  will  stand.  This  a  fact  worth 
noting. 

Mr.  Hogg's  paper  on  Foundations was  also  an  important  one, 
and  very  instructive. 

Then  we  had  a  most  interesting  and  valuable  pa})er  from  Dr. 
Wallace,  the  President  of  the  Philosophical  Society,  on  **  Building 
Stones  " — a  subject  deserving  great  attention  in  Glasgow  in  view  of 
the  important  buildings  in  immediate  prospect.  Far  too  little 
attention  seems  to  have  been  given  to  the  proper  selection  of 
building  stone  hitherto.  Buildings  in  Glasgow  erected  40  or  50 
years  ago  seem  to  weather  better  than  buildings  erected  during 
the  last  ten  years.  Whether  this  is  in  consequence  of  our  local 
stone  having  deteriorated  in  quality,  or  that  the  older  buildings 
had  got  seasoned  before  the  atmosphere  of  tlie  city  was  so  smoke- 
laden  and  impregnated  with  injurious  gases  from  the  numerous 
chemical  works,  I  am  unable  to  say.  But  Glasgow  air  is  not 
likely  to  improve,  and  it  is,  therefore,  all  the  more  necessary  to 
select  the  stone  best  fitted  to  resist  its  chemical  action. 

I  think,  however,  that  the  somewhat  remarkable  extent  to 
which  buildings  in  Glasgow,  erected  during  the  last  eight  or  ten 
years,  show  evidence  of  decay,  may  be  partly  accounted  for  by  the 
extraordinary  demand  for  building  stone  during  that  time,  result- 
ing in  material  being  used  which,  in  quieter  times,  would  have 
been  rejected  as  unfit  for  use,  or  stones  being  used  immediately  on 
their  being  cut  from  the  quany,  without  a  chance  of  being 
seasoned.  An  eminent  authority  says — "  Nearly  all  stone  is  the 
better  of  being  seasoned  by  exposure  to  the  air  before  use,  to  get 
rid  of  the  moisture  called  quarry  sap.    Unless  this  moisture  is 
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allowed  to  dry  out  before  the  stone  is  used,  it  is  acted  upon  by 
frost,  and  thus  the  stone  is  cracked  or  disintegi'ated." 

It  seems  reasonable  that  stone  should  be  seasoned  just  as  timber 
is  seasoned.  Fortunately  we  cannot  cut  down  a. tree,  which  in  the 
morning  has  been  adorning  the  landscape,  saw  it  into  joists  and 
flooring  to  be  laid  in  the  building  before  night,  or,  I  suppose,  in 
these  busy  times  I  have  been  alluding  to,  we  would  have  done  so. 
Yet  that  is  how  we  deal  with  stone,  which,  in  the  morning,  we  may 
cut  from  its  bed  where  it  has  lain  for  thousands  of  years,  and  lay 
it  in  another  bed — and  that  not  always  its  natural  bed — before 
night.  I  fear  these  so-called  good  times  have  not  been  an  un- 
mixed blessing.  In  connection  with  his  paper,  Dr.  Wallace 
procured  a  number  of  specimens  of  stones  from  the  neighbour- 
hood and  elsewhere — all  of  them,  however,  from  quarries  sufficiently 
near  Glasgow  to  make  their  use  practicable  here — and  these  he 
had  tested  chemically  to  ascertain  their  weather-resisting  and 
other  qualities.  He  also  prepared  a  table  showing  the  result  of 
his  analysis,  which  table,  along  with  the  paper,  will  be  published 
in  the  Transactions  of  the  Society,  so  that  this  section  has  been 
the  channel  through  which  information  of  a  most  useful  and  valu- 
able kind  has  been  made  permanently  available. 

Then  we  had  a  paper  from  Mr.  John  Honeyman  on  a  subject 
which  is  at  present  engaging  considerable  public  attention — viz., 
the  proposed  removal  of  St.  George's  Church  and  steeple.  Speaking 
from  an  architectural  point  of  view,  I  suppose  no  one  cares  how 
soon  the  church  is  removed  if  the  steeple  is  retained.  As  far  as 
one  can  judge  from  the  discussion  at  the  last  meeting  of  the  Town 
Council,  there  appears  to  be  a  strong  probability  that  it  will  not 
bo  removed.  A  considerable  minority  of  the  Council  would  stop 
the  negotiations  for  the  disposal  of  the  site  if  they  had  their  way, 
and  of  those  who  agi'eo  to  their  proceeding  meantime  I  presume 
there  will  be  many  who  would  resist  any  bargain  being  entered 
into  which  would  involve  the  removal  of  the  steeple.  On  the 
whole,  I  think  the  chances  are  strongly  in  favour  of  this  fine  work 
of  one  of  Glasgow's  most  distinguished  architects  continuing  to 
raise  its  dignified  and  graceful  proportions  heavenward,  unhurt  by 
the  aspirations  of  advertising  insurance  offices,  or  the  well-meaning 
but  quite  too  utilitarian  ideas  of  municipal  economists. 

Following  Mr.  Honeyman's  paper,  and  on  the  same  evening,  we 
had  a  good  useful  paper  by  Mr.  T.  L.  Watson  on  "  Square  Dressed 
Rubble.' 
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At  last  meeting,  Mr.  William  Ijaudless  read  a  paper  entitled 
"  The  Rival  Cities  *' — the  cities  referred  to  being  Edinburgh  and 
Glasgow.  Mr.  Landless'  pai)er  contained  a  great  deal  of  useful 
and  interesting  information  imparted  in  a  pleasant  way.  Statis- 
tics were  given  showing  the  comparative  areas,  population 
acre,  death-i*ate,  water  supply.  &c.,  tkc,  and  some  comparison  was 
made  as  to  the  natural  tulvantages  of  the  two  cities,  their  archi- 
tecture^ &c.  Alluding  to  this  paper,  at  a  meeting  held  the  other 
night,  Lord  Provost  Ure  said  that  he  did  not  know  of  any  rivaliy 
which  ought  to  exist  between  the  cities  except  the  rivaliy  in  good 
works.  I  think  every  on(}  will  agree  with  his  Lordship  in  this. 
He  was  speaking  at  a  meeting  held  under  the  auspices  of  the 
Glasgow  Sanitary  Protection  Association,  and  no  doubt  the  good 
works  he  specially  meant  at  the  time  were  works  undertaken  on 
behalf  of  the  public  health.  In  suqIi  matters  theri^  ought  to  be  a 
desire  for  pre-eminence  in  every  well-governed  city — a  rivalry  in 
matters  of  that  kind  would  serve  a  useful  purix)se  j  but  I  see  no 
good  in  pitting  the  two  cities  against  each  other  in  res^KJCt  of  then* 
situation,  their  public  buildings,  their  art  culture,  or  their  import- 
ance politically  and  socially. 

Edinburgh  is  the  favoured  child  of  nature.  It  might  be  said  lo 
liave  been  bom  with  a  silver  spoon  in  its  mouth.  Nature  has  made 
it  the  most  beautiful  and  picturesque  city  in  the  country.  It  is 
the  capital  of  this  end  of  the  kingdom,  enjoying  all  the  advantages 
which  accompany  that  position — the  seat  of  the  legal  and  the 
church  courts,  the  home  of  the  lloyal  Academy  of  the  Fine  Arts. 
It  has  a  famous  univeraity — its  sons  are  foremost  in  literature  and 
in  art  Its  ancient  streets  and  buildings  are  associated  with  the 
most  important  histoiical  events — its  modern  streets  and  buildings 
are  stately  and  even  magnificent.  All  this  can  be  said  of  Edin- 
burgh. Of  Glasgow  it  may  be  said  that  it  is  like  the  self-made  man. 
With  a  very  humble  origin,  it  has  made  itself  what  it  is  by  its  own 
efforts,  the  chief  commercial  city  in  Scotland,  and  in  the  very 
front  rank  among  cities  in  the  kingdom  for  its  industries  and 
manufactures.  Less  than  a  century  ago  a  comparatively  unimpor- 
tant town,  situated  on  the  banks  of  a  quiet  iislmig  stream ;  now,  a 
great  city  teeming  with  busy  workers  jostling  each  other  in  the 
battle  of  life;  with  a  great  river  running  through  it,  on  whose 
banks  are  built  the  finest  vessels  and  whose  waters  carry  shipping 
laden  with  merehandise  destined  for  all  pai-ts  of  the  world.  Its 
ancient  cathedral,  streets,  and  buildings  nro  not  wanting  in  historic 
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interest.  It,  too,  has  stately  streets  and  magnificent  modem 
buildings.  Its  university  is  world-famed,  in  science  its  sons  take 
the  foremost  rank ;  its  art  culture  is  not  less  than  other  cities  the 
great  mass  of  whose  inhabitants  are  engaged  in  trade  and  manu- 
facture. But  all  these  things  can  be  said  as  a  simple  statement 
of  facts,  and  not  in  a  spirit  of  rivalry. 

To-night  we  have  had  two  very  useful  papers  on  practical  sub- 
jects from  Mr.  John  Cowan  and  from  Mr.  W.  Howatt — the  first  on 
"  Knots  in  Timber,"  the  other  on  Instalments."  Short  sugges- 
tive papers  of  that  kind  ought  to  be  encouraged  in  this  Section. 
They  give  an  opportunity  for  a  lai'ger  number  of  our  members 
taking  an  active  part  in  the  work  of  the  section,  and  their  prepar- 
ation does  not  involve  any  great  trouble.  Most  people  have  some 
speciality  regarding  which  they  would  be  able  to  make  a  com- 
munication of  practical  value.  I  think  the  Council  will  do  well 
to  keep  this  in  view  in  arranging  the  work  for  the  next  session. 
Probably  every  second  night  should  be  devoted  to  the  reading  of 
two  or  three  such  papers. 

I  think  I  have  said  enough  to  justify  my  opinion  that  this 
Section  has  done  good  useful  work  during  the  session  now  drawing 
to  a  close;  that  it  is  in  a  strong,  vigorous,  healthy  condition,  and 
ready  for  more  work.  I  now  proceed  to  refer  to  the  subjects 
which  I  alluded  to  in  the  outset  of  my  remarks  as  being  of 
general  public  interest  and  special  interest  to  us. 

The  first  question  to  which  I  ask  your  attention  is  by  no  means 
a  new  one ;  but  a  fresh  impetus  has  been  given  to  it  in  connec- 
tion with  the  new  Police  Bill  which  has  been  framed  by  our 
authorities  during  the  past  year.  You  are,  no  doubt,  aware  that 
the  present  Police  Bill  contains  all  the  regulations  affecting  build- 
ings in  force  in  Glasgow.  In  view  of  a  new  bill  being  promoted, 
it  is  thought  by  the  architectural  profession  generally,  and  others 
more  or  less  interested  in  the  subject,  that  the  opportunity  has 
come — the  time  having  come  long  ago — for  separating  the  building 
regulations  from  the  Police  Bill,  and  making  them  the  subject  of 
a  separate  act.  This  view  is  held  very  strongly  indeed  by  the 
Glasgow  Institute  of  Architects,  a  body  of  professional  men 
whose  opinion  on  a  subject  of  that  kind  is  surely  entitled  to  some 
degree  of  respect.  In  1878,  when  the  authorities  endeavoured  to 
obtain  a  provisional  order — which  was  to  sanction  more  stiingent 
regulations  in  regard  to  buildings  than  those  contained  in  the 
Police  Act  of  186G — the  Institute,  in  common  with  other  public 
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bodies,  opposed  the  order,  not  because  they  did  not  think  more 
comprehensive  building  regulations  were  required,  but  for  the 
following  among  other  reasons  set  foi*th  in  their  objections,'' 
viz. : — "  We  object  to  any  alteration  of  the  clauses  of  the  Police 
Act  relating  to  buildings,  because  we  are  unanimously  of  opinion 
that  the  many  important  interests  involved  can  only  be  satisfac- 
torily dealt  with  in  a  comprehensive  building  act." 

Again,  while  the  Town  Council  was  discussing  the  clauses  of 
the  new  bill — which  proposes  to  continue  the  principle  of  including 
building  regulations  in  the  bill — the  Institute  took  action  in  the 
matter,  and  unanimously  resolved  as  follows  : — 

"1st.  That  it  is  expedient  that  the  clauses  relating  to  buildings 
and  the  jurisdiction  of  the  Dean  of  Guild  Court  be  omitted  from 
the  Police  Bill. 

*•  2nd.  That  the  laws  relating  to  buildings  should  be  consoli- 
dated and  amended  by  a  new  act  dealing  with  that  special  subject, 
similar  generally  to  the  Metropolitan  Building  Act,  and  applicable 
to  the  suburbs  as  well  as  the  city  of  Glasgow." 

These  resolutions  were  forwarded  to  the  Town  Council,  but  they 
have  not  seen  their  way  to  make;  any  change  of  the  kind  desired. 
The  building  clauses  have  been  retained  in  tlie  draught  bill  which 
has  been  forwarded  to  the  Lord  Advocate  iis  the  kind  of  bill,  I 
presume,  which  would,  in  their  opinion,  be  the  best  for  Glasgow. 
But  for  the  Lord  Advocate  announcing  his  intention  to  bring  in  a 
general  police  bill  for  Scotland,  no  doubt  the  bill,  as  framed, 
would  now  be  before  Parliament.  I  cannot  help  thinking  that 
it  is  fortimate  for  all  parties  that  it  has  been  delayed — where  there 
was  80  much  smoke  there  must  have  been  some  tire.  No  doubt 
something  could  have  been  said  by  the  opposition — of  which  the 
Institute  formed  only  a  small  part — and  as  they  did  not  get  a 
hearing  in  Glasgow,  they  would  have  taken  steps  to  make  them- 
selves heard  in  the  committee  rooms  of  the  Houses  of  Parliament, 
where  the  maxim  that  **  silence  is  golden  is  revei'sed.  Speech  is 
golden  there,  as  both  the  promoters  and  the  objectors  would  have 
found,  and  the  gold  would  have  had  to  be  provided  by  the  public. 
More  time  for  consideration  may  lead  to  concessions  on  both  sides — 
the  fire  of  opposition  may  be  quenched,  or  it  may  end  in  smoke 
only;  or  possibly  the  Lord  Advocate — to  whom  representations 
will,  no  doubt,  be  made — may  sro  good  giounds  foi*  giving  elfect  to 
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the  views  of  the  opposition,  at  least  so  far  as  not  to  include  build- 
ing clauses  in  his  bill. 

In  view  of  this  possibility,  I  wish  briefly  to  indicate  what  is 
provided  in  the  Metropolitan  Act — the  act  which  has  been  pointed 
at  as  the  model  which  we  might  adopt — ^to  ensure  the  structural 
safety  of  buildings  and  protection  from  fire.  These  are  the  two 
things  dealt  with  most  summarily  in  the  Police  Bill,  while  they 
are  just  the  things  which  the  London  act  deals  with  in  great  detail. 
I  will  not  take  up  time  at  present  by  referring  to  the  provisions  in 
the  act  for  securing  the  rights  of  adjoining  owners,  public  health, 
or  the  regulation  of  the  street  frontages,  (fcc,  &c.,  except  to  say 
that,  as  regards  pro\4sions  for  public  health,  it  is  very  defective. 
These  are  provided  for  in  other  acts  to  some  extent,  but,  in  regard 
to  sanitary  provisions,  our  own  Police  Bill  does  better  for  us  than 
all  the  London  acts  put  together.  Of  course  what  is  good  in  that 
respect  ought  to  be  secured  in  the  proposed  new  act. 

Before  describing  what  is  provided  in  the  London  act  for  the 
purposes  referred  to,  let  us  see  what  the  Police  Bill  does  in  the 
same  direction. 

As  regards  construction,  all  that  is  contained  in  the  Police  Bill 
is  the  following  (clause  371): — 

"  The  Dean  of  Guild  shall  not  gmnt  a  warrant  to  erect  or  alter 
any  building  unless  or  until  he  is  satisfied  that  the  plans  and 
sections  make  satisfactory  provision  with  respect  to  the  several 
matters  specified  in  this  section,  viz. — (1)  That  the  outer  walls, 
and  the  party  walls,  or  separate  side  and  end  walls,  and  the  joisting 
and  principal  timber  and  iron  work,  as  shown  on  the  plan,  are  of 
suflScient  strength  and  stability.'' 

That  is  considered  by  the  advocates  for  a  separate  act  as  far  too 
general,  and  that  it  would  be  much  better  if  such  matters  were 
clearly  defined  as  anything  about  a  building  which  is  necessary 
for  public  safety  can  and  ought  to  be  clearly  defined.  Further, 
that  these  things  should  not  be  left  to  the  opinion  of  the  officials 
for  the  time  being — whose  duties,  they  say,  should  not  be  to  advise 
or  prescribe  what  they  may  consider  best,  but  rather  to  ascertain 
and  declare  if  what  is  defined  in  the  act  as  necessary  for  the  public 
safety  has  been  done.  That  is  what  the  Metropolitan  Board  of 
Works  does  through  its  district  surveyors.  Let  me  now  indicate 
what  is  defined  in  the  Metropolitan  Act  in  regard  to  structural 
safety.    I  have  collected  my  facts  from  a  text-book  of  the  act  by 
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Mr.  Banister  Fletcher,  and  I  am  also  indebted  for  much  infor- 
mation to  a  paper  i^ead  to  the  London  Architectural  Association  in 
1876  by  Mr.  T.  Roger  Smith.  Both  these  gentlemen  are  district 
surveyors,  and  first-rate  authorities  on  the  subject.  By  far  the 
moBt  important  of  the  regulations  are  those  which  deal  with  the 
coiiBtruction  of  walls,  their  thicknesses  in  proportion  to  their  height 
and  length,  their  foundations,  footings,  and  mateiials.  Tlie  kind  of 
materials  to  be  used,  and  the  manner  in  which  they  are  put  together, 
are  specifieil.  The  footings,  or  foundations,  as  we  say  here,  must 
be  of  a  width  proportionate  to  the  wall  they  support.  I  observe 
that  the  rule  is  that,  if  the  wall  is  18  inches  thick,  the  foundation 
i-equires  to  be  30  inches  wide  ;  if  24  inches  thick,  then  the  founda- 
tions have  to  be  48  inches  wide,  and  so  on  in  the  same  proportion. 

The  thicknesses  of  walls  in  proportion  to  their  height  and  length 
are  determined  by  certain  tables.  The  strengths  necessary  for 
buildings  of  the  warehouse  class  and  the  dwelling-house  are  also 
specified.  There  are  also  regulations  as  to  recesses  which  may  be 
made  in  outside  walls  and  party- walls,  so  as  not  to  injure  th(»ir 
stability. 

Bond  timbei^  are  not  to  be  built  into  any  party-wall,  and  no 
timber  of  any  kind  can  be  built  into  a  party-wall  nearer  than  4^ 
inches  off  its  centre  line,  <tc.,  kc.  In  Mr.  Roger  Smith's  paper,  to 
which  I  have  referred,  he  says — "  The  act  secures  that  buildings, 
or  more  properly  the  walls  of  buildings,  shall  be  fitted  for  their 
special  purposes ;  but  it  does  not  attempt  to  secure  that  degree  of 
general  solidity  and  excellence  which  any  person  may  secure  for 
himself  by  the  employment  of  a  competent  architect,  and  it  gives 
only  an  indirect  control  over  the  constiniction  of  roofs,  floors,  or 
partitions,  so  far  as  relates  to  their  structural  stability.'' 

Then  as  to  the  regulations  in  regard  to  protection  from  tire. 
Let  us,  as  before,  see  what  the  Glasgow  Police  Act  does  in  that 
direction.  Quoting  from  the  same  clause  as  before — where  it  is 
provided  that  the  Dean  of  Guild  will  not  permit  any  building  to 
be  erected  until  he  is  satisfied  on  cert^vin  points  detailed  in  the 
following  sub-sections : — 

•*  (4)  That  the  joists  under  every  hearth  shall  bo  bridled. 

"  (5)  That  every  fireplace  shall  have  jambs  projecting  at  least  to 
the  flush  of  the  plaster. 

"  (6)  That  no  joists  shall  be  inserted  into  a  wall  nearer  to  a 
chimney  than  12  inches." 
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Now,  as  far  as  they  go,  there  is  uo  dubiety  here.  These  are 
clear  enough  rales.  Nothing  is  left  to  individual  opinion,  as  is  the 
case  in  snb-section  (1)  dealing  with  strengths  of  walls,  <ira,  and 
which  only  provides  that  they  are  to  be  "  sufficient in  strength 
and  stability,  without  saying  what  is  sufficient  The  only  question 
regarding  the  fire  protection  clauses  is,  do  they  go  far  enough  t 
They  are  altogether  new  clauses — there  are  no  such  clauses  in  the 
present  act  at  all.  I  may  remark  here  that  Liverpool  has  had 
a  separate  act  expressly  for  the  "  Better  Protection  of  Property 
from  Fire  "  for  the  last  40  years. 

Let  us  see  what  the  Metropolitan  Act  provides. 

First,  as  to  provisions  for  preventing  a  fire  from  taking  place. 
There  must  be  a  hearth  at  every  fire  opening,  and  every  hearth 
must  be  carried  on  brick  trimmer  arches,  unless  it  is  on  the  ground 
floor,  where  it  must  be  built  up  solid  from  the  ground.  The  back 
of  the  fire  must  be  at  least  9  inches  thick,  and  the  openings  must 
hdve  an  iron  chimney  bar.  The  floor  under  and  for  18  inches 
round  every  manufacturing  oven  or  stove  is  to  be  of  some  incom- 
bustible material.  The  rules  as  to  keeping  timber  away  from  flues 
are  very  stringent,  and  most  minute  in  detail :  no  timber  of  any 
kind  is  to  be  nearer  than  1 2  inches  to  a  flue,  nor  under  a  hearth 
nearer  than  18  inches. 

Second,  as  to  the  preventing  of  fire  from  spreading.  The  rules 
as  to  thickness  of  party-walls  come  into  use  here.  Then  party- 
walls  must  Ije  caiTied  up  through  the  roofs  at  least  15  inches 
above  the  adjoining  roof,  and  if  there  are  projections  above  the 
roof,  such  as  a  dormer  window  or  a  lantern  light,  then  the  wall 
must  be  carried  up  15  inches  above  the  highest  part  of  it. 

Third,  so  as  to  control  the  bulk  or  extent  of  a  fire.  In  the 
case  of  warehouses  and  similar  buildings,  a  limit  is  placed  on  the 
size  which  any  one  building  may  be.  It  must  not  contain  more 
than  216,000  cubic  feet,  and  if  any  two  buildings  adjoining,  in 
the  same  occupation,  would  together  amount  to  that  size,  then  the 
openings  between  them  are  not  to  exceed  certain  limited  dimen- 
sions, and  to  be  protected  by  two  iron  doors. 

Staircases  and  corridora  in  public  buildings  are  to  be  constructed 
of  stone  or  other  fire-proof  material.  I  will  not  go  further  into 
the  details  of  this  act,  as  I  have  already  exceeded  the  limit  of  time 
at  my  disposal,  and  I  have  other  matters  to  refer  to.  I  have 
simply  wished  to  indicate  the  manner  in  which  building  regula- 
tions, dealt  with  in  the  Police  Bill  in  a  few  clauses,  are  treated 
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in  the  Metropolitan  Building  Act,  and  it  is  probably  fair  to 
aomme  that  if  these  things  require  to  be  dealt  with  in  such 
detail,  then  a  separate  act  will  be  necessary.  The  subject  would 
become  far  too  large  to  be  treated  as  part  of  a  Police  Bill. 

There  are  two  new  clauses  in  the  Bill,  which  have  been  adapted 
from  the  model  bye-laws  of  the  Local  Government  Board,  and 
which  are  admirable  in  their  aim  and  intention.  The  first  provides 
for  the  proper  construction  and  ventilation  of  dmins,  the  other  for 
a  sufficient  excavation  being  made  under  tenements,  and,  where 
the  soil  is  artificial — that  is,  on  a  site  which  has  been  filled  up  with 
debris — it  is  to  be  covered  with  a  layer  of  concrete.  That  is  a 
most  important  provision.  It  does  not  exist  in  the  Metropolitan 
Act,  but  it  is  provided  for  under  certain  bye-laws  made  by  the 
board  under  the  provisions  of  the  Metropolitan  Management  and 
Building  Act  Amendment  Act,  1878.  Before  leaving  this  subject, 
permit  me  to  say  a  word  as  to  how  the  act  is  carried  out.  The 
work  of  the  Metropolitan  Board  of  Works  and  their  district 
surveyors  is  purely  administrative.  They  do  not  make  the  laws, 
they  have  simply  to  see  that  the  provisions  of  the  act  are  adhered 
to  in  the  plans,  and  carried  out  in  the  erection  of  the  building;  and 
if  the  builder  fails  to  do  so,  he  is  summoned  to  appear  before  the 
nearest  magistrate,  and  dealt  with  there. 

The  members  of  the  board  are  elected  by  the  various  vestries  in 
London,  of  which  they  must  be  members,  and  they  have  a  consult- 
ing architect.  The  board  elect  the  district  surveyors  from  a  body 
of  gentlemen  who  have  passed  an  examination  by  the  Royal  Institute 
of  British  Architects,  and  they  are  not  eligible  for  election  unless 
they  have  done  so.  The  district  surveyor  is  paid  by  fees  received 
from  the  persons  erecting  the  buildings. 

There  are  many  other  matters  relating  to  buildings  in  the  new 
Police  Bill — ^such  as  the  free  space  to  be  provided  between  them, 
their  height,  the  lieight  of  the  apartments  within  them,  and 
the  allowance  of  air  space  per  person  in  each  apartment;  the 
new  regulations  to  abolish  hollow  squares,  which  I  shall  merely 
name,  and  say  of  them  generally  that  the  changes  proposed  are, 
in  my  opinion,  in  the  right  direction.  And  I  say  this,  although  I 
am  aware  that  many  of  my  professional  brethren  arc  of  opinion, 
not  only  that  a  9-feet  6-iuch  ceiling  in  a  dwelling-house  is  not 
essential,  but  that  it  is  not  so  good  as  a  lower  one,  the  air  space 
in  the  room  being  the  same ;  and  that  some  of  my  hearers,  more 
directly  interested  in  property  (as  owners)  than  I  am.  will  say 
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that  the  abolition  of  hollow  squares,  and  the  greatly  increased 
spaces  between  buildings  now  proposed,  would  amount  to  confis- 
cation of  property. 

There  is  just  one  other  point  advanced  in  favour  of  a  separate 
l)uilding  act  which  I  will  refer  to  before  changing  the  subject — viz., 
that  it  could  be  made  to  embrace  not  only  Glasgow,  but  the 
suburbs — and  that  is  certainly  most  important.  No  matter  how 
perfect  the  an'angements  inside  the  municipal  boundary  might 
be,  the  good  effects  would  be  very  seriously  impaired  if  it  were 
surrounded  with  a  cordon  of  suburbs  containing  houses  badly  con- 
structed and  insanitary. 

We  have  done  very  well  in  the  past  with  building  regulations 
in  the  Police  Act — the  city  has  improved  and  extended  under  them; 
but  that  is  no  reason  why  we  may  not  do  better.  If  there  is  to 
be  a  change,  there  can  be  no  doubt  but  the  present  is  a  fitting 
opportunity.  The  present  Police  Act  has  been  in  existence  since 
1866,  and  we  may  assume  that,  if  the  new  one  becomes  law,  its  life 
will  not  be  shorter ;  so  that,  say  its  opponents,  we  would  practically 
be  tied  up  to  a  system  which  the  city  has  already  outgrown, 
during  a  period  in  which  it  will  still  further  extend,  and  long 
before  the  expiry  of  which  even  the  improved  machinery  of  the 
new  bill  would  be  found  quite  inadequate  for  the  purpose. 

I  trust  I  liave  been  able  to  put  some  facts  before  you  in  regard 
to  this  important  subject,  the  consideration  of  which  may  possibly 
enable  those  whom  they  reach  to  form  an  opinion  when  the  proper 
time  for  discussion  comes.  I  do  not  think  that  the  question  is 
at  all  settled,  otherwise  I  would  be  taking  up  your  time  to  no 
purpose. 

Another  matter  which  concerns  us  very  nearly  is  the  greatly 
increased  interest  which  is  now  being  taken  in  sanitation  by  the 
authorities  and  the  general  public.  To  no  one  individual  is  Glasgow 
so  much  indebted  for  this  condition  of  things  as  to  Lord  Provost 
Ure.  All  through  his  long  municipal  career  his  name  has  been 
a.ssociated  with  good  work  in  the  direction  of  improving  the  sani- 
tary condition  of  the  city.  As  we  have  seen,  the  new  Police  Bill 
contains  clauses  regulating  buildings,  in  relation  to  their  position, 
construction,  and  occupancy,  which  would  do  a  great  deal  in  that 
direction,  and  they  ought  to  become  law. 

Recently  the  sanitary  department  have  begun  a  new  branch  of 
work,  viz. — drain-testing — and  the  results,  as  shown  by  the  first 
annual  report  l)y  the  sanitary  inspector,  are  somewhat  alarming. 
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Out  of  nearly  300  drainage  systems  inspected,  only  six  were  found 
to  be  in  a  satisfactory  condition.  Similar  work  done  by  the  Sanitary 
Protection  Society  has  had  similar  resTilts.  Now,  if  the^e  rei)orts 
are  a  fair  representation  of  the  facts,  they  show  a  very  unsatis- 
faetory  state  of  matters.  If  they  are  true,  dmin-testing,  whether 
by  the  public  authorities  or  l)y  private  associations,  has  not  been 
begun  a  day  too  soon ;  and  1  think  the  public — and  especially  the 
section  of  them  whose  business  it  is  to  design  and  construct  the 
drainage  system  of  houses  as  well  as  the  houses  themselves — are 
very  much  indebt<Ml  to  these  two  organizations  for  bringing  the 
subject  into  so  much  prominence.  The  importance  of  house  sani- 
tation cannot  be  over-estimated,  and  it  must  be  admitted  that  it 
has  not  generally  received  so  much  attention  as  it  deserves. 
There  seems  no  need,  however,  for  gentlemen  calling  themselves 
sanitary  specialists,  in  their  new-bom  zeal,  assuming  that  they  are 
the  only  persons  having  any  knowledge  of  the  subject.  In  Gla.sgow 
we  have  medical  men,  aye,  and  architects  too,  who  have  for  years 
made  sanitation  a  subject  of  special  study.  It  is  too  much  the 
foshion  to  abuse  the  architect.  lie  is  the  favourite  butt  of  the 
riders  of  all  soi'ts  of  hobbies,  who  charge  him  full  tilt,  and  endea- 
vour to  find  a  crevice  in  his  armour  that  they  may  overcome  him, 
and  glorify  themselves  over  his  prostrate  form.  He  seems  a  con- 
venient peg  on  which  to  hang  all  sorts  of  complaints ;  a  sort  of 
buffer  placed  between  the  public  and  the  alleged  sins  of  the  builder 
and  the  plumber ;  a  shield  to  receive  the  blows  of  righteous  indig- 
nation, which  ought  to  fall  on  the  layers  of  unjointc<l  drains,  the 
makers  of  unventilated  traps,  the  constructors  of  insanitary 
houses. 

It  would  be  quite  right  that  this  should  be  so  if  architects  were 
always  employed  to  design  and  superint'cnd  the  construction  of 
houses.  Professor  Fleeming  J enkin,  in  his  lecture  on  "  House 
Sanitation''  the  other  evening,  said,  in  explaining  the  need  for 
sanitary  protection  associations,  that  all  architects  were  not 
specialists  in  sanitation,  and  that  many  houses  were  erected 
without  having  any  architect  at  all.  Both  statements  were  time, 
and  the  latter  to  a  much  greater  extent  than  is  generally  known. 
Not  to  speak  of  whole  districts  in  the  city  erected  by  builders 
innocent  of  an  idea  on  sanitation,  go  outside  the  boundary  into 
the  fashionable  suburbs  and  what  do  we  findl  Acres  covered 
with  terraces,  and  villas,  and  mansion-houses,  the  uiajority  of 
which  are  not  the  work  of  an  architect,  or  if  the  name  of  an 
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architect  is  associated  with  them,  in  a  great  many  cases  he  is 
responsible  only  for  a  sort  of  show  plan  and  elevation  which  he 
has  prepared  for  the  builder,  to  satisfy  the  superior  of  the 
ground  as  to  the  size  and  external  appearance  of  the  houses,  and 
the  buildings  are  afterwards  erected  without  any  professional 
supervision  at  all. 

So  much  for  the  majority  of  new  houses  and  the  share  of  blame 
which  may  be  justly  laid  at  the  architect's  door  for  their  insanitary 
condition.  Then,  as  to  the  older  buildings,  which  may  or  may  not 
have  been  designed  by  and  constructed  under  the  supervision  of 
an  architect,  it  must  not  be  forgotten  that  when  they  were  erected 
they  would  in  all  probability  have  been  pronounced  satisfactory  by 
the  most  learned  sanitarian  of  the  period,  although  their  arrange- 
ments are  condemned  now  in  the  light  of  advanced  sanitary  science. 
It  would  be  just  as  i-easonable  to  find  fault  with  the  construction 
of  a  house  which  was  not  provided  with  telephones  or  the  electric 
light,  although  it  had  been  erected  years  l)efore  these  things  were 
invented,  as  to  condemn  the  architect  or  builder  of  a  house 
l)ecause  it  did  not  contain  appliances  \inthOught  of  even  by  the 
sanitary  specialist  of  its  time.  I  have  been  chiefly  led  to  make 
these  remarks  because,  in  the  course  of  the  lecture  I  have  been 
referring  to,  the  speaker,  while  endeavouring  to  make  his  remarks 
on  a  rather  prosaic  subject  both  instructive  and  interesting,  man- 
aged to  make  it  at  least  amusing  by  sundiy  references  more  or 
less  direct  to  the  stupidity  or  worae,  of  architects,  builders,  and 
plumbers.  It  was  all  very  good-natured,  no  doubt,  and  was 
probably  meant  to  impai't  a  little  sparkle  to  a  dull  theme — ^to 
give  a  little  pleasant  flavouring  to  a  somewhat  unsavoury  sub- 
ject. It  served,  however,^  to  show  the  popular  tendency,  the 
readiness  to  make  and  to  believe  in  any  kind  of  charge  which  may 
be  made  against  all  branches  of  the  building  tmle.  Except  for 
that  there  would  be  no  excuse  for  my  treating  it  seriously  at  all ; 
but  I  wish  to  point  the  lesson  to  be  drawn — increased  study  of 
such  subjects  on  our  part,  a  greater  exercise  of  care  in  seeing 
our  designs  carried  out  by  the  workmen.  We  are  greatly  in- 
debted to  the  learned  professor  for  coming  here  and  instructing 
us  in  this  important  branch  of  science,  and  we  welcome  him 
as  a  fellow-worker  in  the  same  cause  —  the  improvement  of 
house  sanitation. 

Along  with  gieater  attention  to  such  mattera  on  the  part  of 
professional  men,  a  specially-trained  class  of  workmen  is  required 
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— the  lajring  of  di-aiiis  has  been  too  luuch  left  to  the  mason's 
labourer. 

The  public  attention  now  drawn  to  the  subject  will  no  doubt 
lead  to  much-needed  reform.  House  sanitation  is  a  most  fitting 
subject  for  discussion  in  this  section,  and  I  trust  it  will  receive 
the  consideration  it  deserves. 

Another  question  which  I  think  may  well  claim  our  attention 
is  one  which  I  have  before  referred  to  in  this  section — viz.,  the 
providing  of  proper  dwellings  for  the  working-classes.  I  do  not 
mean  what  I  may  call  the  well-to-do  working-classes,  the  carnei*s 
of  25s.  to  358.  per  week.  We  will  say  that  they  are  well  enough 
provided  for  in  the  ordinary  tenement  so  common  in  Glasgow, 
although  I  am  of  opinion  that  something  might  be  done  for  that 
class  of  dwelling  too.  I  mean  a  class  of  the  population  which 
belong  to  a  lower  strata,  if  I  may  so  put  it ;  people  belonging  to 
the  labouring  classes,  earning  less  than  20s.  a-weck,  and  who  are, 
with  every  desire  to  live  in  a  respectable  way  in  tlujir  own  sphere, 
obliged,  from  circumstances  which  they  cannot  control,  to  herd 
together — ^you  cannot  call  it  anything  else — with  the  very  dregs 
of  society,  the  criminal  classes.  I  suppose  there  will  always  be  in 
every  large  city  a  certain  proportion  of  the  population  who  will  be 
content  to  inhabit  the  filthiest  dons,  dark  and  noisome  hovels ; 
who  will  indeed  prefer  to  do  so  bc^causo  their  avocations  will  not 
bear  the  light  of  day.  But  can  nothing  1)0  done  to  separate  the 
respectable  labouring  classes  from  this  class  'I  Can  we  not  provide 
them  with  dwellings  in  which  they  might  bo  cleanly  if  they  choso 
to  be  so ;  in  which  they  might  have  a  chance  to  breathe  a  purer 
atmosphere,  moral  and  physical  ?  I  think  wo  could,  and  it  ought- 
to  be  tried. 

The  chief  difficulty  is  the  price  of  ground  in  the  city;  the 
impossibility,  indeed,  of  obtaining  ground  near  the  centre  of  the 
city  on  which  such  buildings  could  be  profitably  erected.  I  see  no 
great  difficulty  about  the  building,  if  ground  could  be  obtained  at  a 
reasonable  rate.  That  is  where  the  shoe  pinches ;  because  a  large 
number  of  such  persons  must  be  accommodated  inside  the  city. 
If  we  could  take  them  outside  the  city — and  with  the  tmmway 
system  extended  and  the  prosiHict  of  suburban  railways  which  we 
now  have,  that  seems  feasible  enough  too — the  difficulty  would  b(? 
greatly  lessened.  Such  buildings  would  have  to  be  of  l)rick  ;  and 
here  my  friends  who  say  that  heights  of  ceilings  and  distances 
between  buildings  must  not  be  defined  by  a  hard  and  fast  line. 
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either  in  the  city  or  elsewhere,  will  remind  me  that,  if  these  houses 
are  erected  to  pay  it  will  never  be  with  9-feet  6-inch  ceilings,  or  with 
spaces  between  them  equal  to  one  and  a  third  times  the  height  of 
the  building.  Well,  I  am  afraid  they  will  have  the  best  of  the 
argument  there ;  and  that  is  just  a  question  for  the  consideration 
of  fi*amers  of  such  regulations,  whether  they  are  in  a  police  bill  or 
a  building  act.  The  problem  is  undoubtedly  a  difficult  one,  and 
whoever  can  solve  it  will  deserve  well  of  the  city.  I  recommend 
it  for  your  consideration. 

I  have  occupied  a  much  longer  time  than  I  proposed  to  do  when 
I  began  my  remarks.  I  hope  the  various  matters  which  I  have 
alluded  to  will  suggest  many  subjects  to  be  taken  up  by  members 
of  our  section,  and  may  form,  in  short,  a  kind  of  groundwork  for 
our  next  year's  syllabus. 

In  bringing  my  remarks  to  a  close,  I  trust  the  section  will  go 
on  increasing  in  usefulness,  and  that  next  session  we  will  begin 
work  after  the  summer  recess  with  fresh  interest  and  renewed 
vitality. 
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XVL — The  Wat&i'  Highways  of  tJie  Interior  of  Africa,  with  Notes 
on  Slave  HiuUing  and  the  means  of  its  Suppression.  By 
James  Stevenson,  Esq.,  F.R.G.S. 


[Read  before  the  Society,  28th  March,  1883.] 

Bt  the  title  of  this  paper  I  wish  to  indicate  that  my  object  is 
not  entirely  scientific.  My  purpose  is  to  show  what  use  can  be 
made  of  the  water  systems  of  Central  Africa;  and  so  far  my  re- 
marks will  be  of  the  nature  of  what  the  Germans  call  Commercia* 
Geography. 

The  map  I  exhibit  of  East  Africa  is  the  part  completed  of  the 
great  map  of  Equatorial  Africa,  now  in  preparation  by  Mi\  E.  G. 
Ravenstein  for  the  Royal  Geographical  Society.  The  scale  of  this 
is  about  16  miles  to  an  inch.  The  diagram,  or  map,  which  I  also 
exhibit,  has  been  prepai-ed  for  me  by  Mr.  Ravenstein,  in  order  to 
make  known  to  you  all  the  most  recent  discoveries  throughout 
Equatorial  Africa.  The  scale  is  1  to  1,775,000,  or  28  miles  to  an 
inch.  The  river  courses  are  boldly  drawn  for  the  purpose  of  being 
seen  at  a  distance.  In  some  cases,  where  these  courses  between 
certain  points  are  inferred,  or  are  derived  from  native  infonuation, 
they  are  sketched  in  continuous  lines  on  this  map,  in  place  of  be- 
ing dotted  as  in  the  other,  for  which  Mr.  Ravenstein  is  i-esponsible ; 
but  I  believe  this  is  done  in  no  case  where  the  probability  does 
not  approach  to  certainty.  For  publication,  a  copy  of  the  diagram, 
or  map,  has  also  been  prepared  on  the  scale  of  1  to  23,000,000 — 
i,e.y  370  statute  miles  to  the  inch.  It  may  be  as  well  to  state  that 
I  shall  always  reduce  distances  to  statute  miles. 

The  part  of  the  continent  of  Africa  which  is  marked  off  with 
continuous  lines  in  the  index  map  exceeds  six  million  square 
miles  in  extent — equal  to  twice  the  area  of  Europe,  or  to  the 
whole  habitable  regions  of  North  America,  or  to  four  times  the 
area  of  India,  British  and  Independent.  Extending  to  20"  north 
lat  and  21*  south  lat,  the  region  is  entirely  ti*opical.  The  desert 
encroaches  to  some  limited  extent  on  the  noi-them  exti-emity,  and 
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some  of  the  higher  lands  on  the  east  side  ai^  intractable;  but  the 
country  is  to  a  great  extent  capable  of  high  cultivation. 

Hydrographically,  the  rainfall  follows  the  course  of  the  sun ;  in 
the  northern  hemisphere  the  rainy  season  commencing  in  May, 
and  ending  in  November;  in  the  southern,  beginning  in  November 
and  ending  in  May;  in  the  equatorial  belt,  which  extends  to  several 
degi-ees  on  cither  side  of  the  equator,  the  i*ainfall  being  in  both 
seasons  of  the  year.  Near  the  east  coast  the  monsoon  modifies 
these  conditions,  but  does  not  aiSect  the  interior.  Observations  as 
to  the  amount  of  rainfall  are  still  in  their  infancy;  but  at  Lake 
Victoria  about  50'  inches  are  indicated,  w^hich  was  probably 
diminished  by  the  attraction  of  mountainous  regions  to  the 
westward.  At  Bandawe,  12^  south  on  Lake  Nyassa,  the  fall 
was  80  inches ;  but  at  Cape  Macleai-  only  30  inclies,  and  at 
Tet^  35  inches — showing  the  intiuence  of  local  conditions. 

With  the  exception  of  the  country  north  of  the  equator  and 
east  of  34*  long.,  where  Semitic  and  Hainitic  i-aces  have  come  in, 
the  whole  population  is  of  purely  Afiican  origin.  In  the  regions 
in  question,  the  races  south  of  the  equator  belong  to  the  great 
Bantu  family,  who  are  believed  to  have  fought  their  way  from  the 
N.E.  On  the  West  Coast  they  are  found  even  so  far  north  as  5° 
north  lat.  The  purest  type  of  this  family  of  nations  is  found, 
perhaps,  in  the  Amazulu  and  Amaxosa,  Kaffir  tribes  of  South 
Africa ;  elsewhere  they  are  more  or  less  intermixed  with  the  races 
they  superseded.  The  language  is  agglutinative,  and  the  different 
tenses  of  the  verbs,  etc.,  ai'e  formed  by  pi*efixes,  in  a  way  some- 
what analogous  to  the  Semitic  tongues.  Hence  it  has  been  called 
Sub-Semitic;  but  it  is  distinguished  from  any  other  language  by 
essential  peculiarities.  The  language  is  of  a  high  type,  and  the  verb 
exceptionally  rich  in  forms.  The  best  authorities  reckon  that 
the  Bantu  countries  extend  3,388,000  square  miles,  and  that  the 
inhabitants  averaged  seventeen  per  square  mile.  This  estimate 
would  give  a  Bantu  population  of  fifty-six  millions,  of  which  three- 
and-a-half  millions  are  in  South  Africa,  where  the  tiibes  are  mostly 
pastoral.  Perhaps  some  deduction  must  be  made  from  this  total 
now  that  dense  forests  arc  found  to  cover  a  very  large  area  on 
the  Congo;  but,  in  any  case,  the  Bantu  remain  one  of  the  great 
races  of  the  human  family.  West  of  34%  and  north  of  the  Bantu 
tribes,  come  in  every  whei*e  the  Negro  or  Nigritian  races,  which  are 
entii-ely  distinct  from  the  Bantu.  These  extend  beyond  our  limits 
to  the  extreme  west — their  proper  domain  including  nearly  the 
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whole  of  the  Sudan,  from  Cape  Verd  to  Khartum.  Their  languages 
vary  much,  and  there  has  been  found  as  yet  no  ruling  type. 
Bordering  on  the  deserts  of  the  north  is  what  is  called  the  Nuba- 
Fulah  race,  to  which  belong,  on  the  east  side,  the  people  of 
Dongola,  and,  on  the  west  side,  the  dreaded  Toucouleurs  of 
Senegambia.  These  tiibes  have  become  generally  Mahomedan, 
and  have  pi-eyed  on  the  Nigritian  i-aces  on  the  south  of  them, 
who  seem  deficient  in  that  cohesion  which  is  i-equisite  for  tribal 
or  national  defence. 

The  only  further  remarks  of  a  general  diameter  which  T  shall 
make  refer  to  that  subject  of  painful  interest — the  slave  ti'ade. 
Domestic  slavery,  generally  of  a  mild  type,  may  be  said  to  prevail 
throughout  the  entire  continent.  Many  of  the  chiefs  were  also  in 
the  habit  of  thus  getting  rid  to  slave  dealers  of  mauvais  aujets 
among  their  people  as  well  as  of  captives  taken  in  war,  and  were 
perhaps  disposed  to  di-aw  a  wide  line  in  regard  to  this  exercise  of 
their  sovereign  rights.  While  the  best  weapons  of  the  slave  hunter 
resembled  the  old  brown  bess,  the  tribes  were  tolerably  able  to 
defend  themselves  from  serious  attack,  and  the  slavt*  dealer  did 
not  venture  very  far  inland.  The  suppression  of  the  export  of 
slaves  from  the  West  Coast  also  put  a  stop  to  the  devastation  of 
that  part  of  the  countiy.  But  of  late  years,  owing,  I  believe,  chiefly 
to  the  immense  superiority  of  the  weapons  of  the  attacking  party, 
there  is  little  check,  and  gi*eat  part  of  the  interior  is  a  prey  to 
ruffians  of  the  worst  type.  On  the  slave  route  map  exhibited,  some 
attempt  is  made  to  indicate  the  parts  where  the  tribal  organisation 
is  more  or  less  broken  up  and  the  population  in  some  measure 
destroyed.  In  preparing  this  1  have  had  the  aid  of  Mr.  Kavenstein. 
The  testimony  of  travellei-s  on  the  subject  of  these  ravages  is  abun- 
dant. Cameron  speaks  of  as  many  us  fifteen  \dllages  in  Urua 
being  destroyed  to  make  up  a  gang  of  fifty  women.  General 
Gordon's  estimate  is  that  two-thirds  of  the  population  of  a  large 
part  of  the  Egyptian  Sudan  liad  been  swept  otl*.  Tho  attack  on 
the  market  people  of  Nyang^'e,  as  described  by  Livingstone,  was 
the  commencement  of  the  destruction  of  some  of  the  most 
promising  races  in  Africa.  At  a  meeting  of  the  Anti-slavery 
Society  in  December  last,  Mr.  Felkin,  of  the  Chui-ch  Missionary 
Society,  gave  an  appalling  account  of  the  treatment  of  chiefs  in 
the  Sudan.  "Another  way,'  he  writes,  "to  inspire  fear,  is  to 
take  two  or  three  of  the  head  men  of  a  tribe,  and,  haviug  mutilated 
them,  to  bury  them  alive  up  to  their  necks  in  the  sand,  with  their 
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>>r,^r?fct!tr  -.^swr  iM*-  -r;a«r.  -6  nai  nii-  ,rrat  T^'c^  irricn  irun  imc 

^*»nvfir.^  r.JT.^nriu*n  imLttrT^tLi  f  H-Ittl  !!!Be  ixxi:*K£ir  tit 
vtKl  r^.r-,  ir.'T    t-  &b  v  iiain  in*r  if  iiest  .jy£e!&.  The 

v^At*  ->o^**rf   m    "^ir  .Ta>  nnm  "nine  "u  -rmt*  rvMjuwni  oiDu  db( 

"if  -f»^  '*Ant:m^.r,  *— ,ni  'lii*  latiiarL  ■  ^n^an^  rri»»  Mrfiiiaxraaieiiii  or 
^^/|         4,n/f        ,^.*.iai*.ric  ♦jnftan.  "w^iiiiiiL.  ''raai  liiisir  ctmiieccEoas^ 

hf.  l/»  nf,^//ri^.,  Trh^,  ^xii^  as  Brhisii  VM-Ccwisal  in  Centrml 
Affi/4»  rr,  the  lirat  to  end*e*Toar  to  OT^rvome  these 

►^ff»Ar4  hf  \ff^0ti^nuui  ^'  a  stream  re^ei  bj  land  past  the 

tn^fnU  //f  0»/5  Hhif^,  whi/;h  extend  pnurticallv  65  miks.  The  task 
hi'*^mt\A'tn\^'A  i$t  \^lTf  \,j  the  Livingstonia  Misainnj  under  the 
U^AhtnhS\t  til  Mr,  Yf/tiii^,  //f  the  Royal  Xa^y.  The  Haloy  a  small 
••^•f^w  n^mutf^rt  ^'^f  ff'^^^  long  and  drawing  5  feet  water,  was  carried 
hf  M<#»  iittUvwi  in  7 iff)  w^fjiiom  to  the  upper  Shir^,  which  opened  up 
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a  new  lange  of  possibilities.  But  for  the  improved  methods  of 
buildiDg  with  steel  plates,  and  the  lightness  of  the  high-pressure 
engines  which  had  begun  to  be  available,  the  task  could  hardly 
have  been  accomplished. 

The  discovery  was  then  made  by  the  help  of  the  steamer,  that 
from  the  upper  end  of  the  rapids  to  the  north  end  of  Lake  Nyassa, 
there  was  a  clear  and  straight  course  of  navigation  for  four  hun- 
dred miles — a  hundred  miles  by  river,  and  three  hundred  by  the 
lake.  From  some  mistake  about  the  deviation  of  the  compass,  the 
maps  were  drawn  so  as  to  indicate  that  the  north  end  of  the  lake 
lay  rather  toward  the  east  coast  of  Africa.  The  idea,  then,  was  to 
find  a  ix)ute  from  the  north  end  to  the  Zanzibar  coast — the  quest 
for  which  may  be  said  to  have  led  to  Captain  Elton's  fatal  expedi- 
tion. It  was  not  without  considerable  research  that  I  was  able 
to  eliminate  an  error  of  120  miles,  and  satisfy  myself  that  the 
north  end  of  the  lake  really  pointed  towards  Lake  Tanganyika,  and 
had  confidence  to  construct  a  map  showing  the  distance  from 
Kambwe  Lagoon  on  Lake  Nyassa,  to  Pambete,  on  Lake  Tan- 
ganyika, to  be  177  miles  over  a  plateau  5,000  feet  above  the  sea- 
level,  and  to  direct  the  survey  of  a  road  along  that  line.  The 
sui'vey  was  accordingly  made  by  Mr.  Stewart,  C.E.,  and  a  road 
laid  out  about  210  miles  in  length,  including  windings,  which  is 
now  being  constructed.  I  am  happy  to  say  that  we  have  just 
heard  that  a  steam  vessel  in  400  sections  has  gone  forward  to  be 
conveyed  by  this  route,  for  the  London  Missionary  Society,  to  Lake 
Tanganyika. 

There  will  bo  in  this  way  easy  access  to  the  centre  of  the  con- 
tinent. The  route  may  be  described  thus : — From  the  mouth  of 
the  Zambezi,  by  that  i-iver  and  the  Shire,  the  direct  distance  is  200 
miles,  or,  with  windings,  300.  The  voyage  is  made  by  the  Lady 
Nyaaaa^  a  small  saloon  steamer,  in  about  a  week  to  Katunga. 
The  Zambezi  is  shallow  and  broad,  passing  through  an  alluvial 
plain.  On  the  Shir6,  where  the  chaimel  is  deeper,  a  rich  valley, 
15  to  20  miles  wide,  is  bordered  on  the  left  bank  by  mountains, 
rising  in  some  parts  from  4,000  to  7,000  feet.  (At  present,  from 
the  want  of  means  of  tmnsj^ort  along  the  coast,  the  route  taken  is 
by  the  Qua  Qua  river,  from  Kilimani  to  Mazaro,  which  involves  a 
portage  at  Mazaro  to  reach  the  Zambezi).  At  Katunga,  a  10-foot 
road  past  the  rapids  of  the  Shire,  gradually  rises  for  35  miles  to 
Mandala  and  Blantyi-e,  attaining  a  height  of  3,000  feet,  and  then 
descends  to  the  upper  Shire  at  Matope,  30  miles  distant,  at  a  level 
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It  l.W}  m:.  ♦j*3w»  arrrt-*i  Ji  lixnax  Miir  iskj^  ot  porters 
inppii^i      riitf  :iiii:£.  '.InpLUiI^k     FrrroL  ikoi  point  the 

^^aetimer  J"fHa         ij  B*aiia-T>?  :u  Kor'iiiipw  x~.  ^         of  Ldte 
XTafiatsiu  lej'ipy-jLi:  A^rcuT  a  vi^ris.  iaciiuriiu£  •*v'rrv  aiira^   Tbe  rcmd 
Z:)  TAruranjik:!  iactifuis  ":ar>ni£u  'lae  ChoniTx  ccmny  at  a 
pnfCtj  re*riiair  '?iup%f  Jt  I  in  y'-K  lu  :o       jeuiKLC  :c  feet  on  the 

xpsiu  piacetia.  ^biiio.  ■fxr»;n<i>  Tianj  aaniirftia  ot  auIis  *o  the  west 
ioii  -sfjutiL  T"*--  niles  fr«jai  ILiIi^^rtiaiiii  ■uie«  hiKi  b«»  fonned  a 
Fr^  Chan:a  Mistsoa  Sqiciuq*  4<.  3iile>  dloo^  die  rvwi  from  Lake 
Xj^sfcisk  Fir'im  liiis  Kadca  :o  prjposeu  ic^^c  ot  the  Loiidon 
XifiSKKn^cory  Sv^ri-cv  i:  Zoaioe">      I  K'      I  ?0  aiiliesk    Up  to  this 

zhikz  wiCTxii*  -ti^  J*:  x-Hr^l  A-  Zooibe":*^  :iie  »icse  dy  is  found, 
laid  ^.'Qi  liiis^  tlie  Lak<e  T^m^i&ayikik  a'xu'  14  miles  distant,  the 
trarSc  uii>c  *ce  uiade  :  y  Lvrta^.  A  -jectei:  jradieat  might  be 
obeaiiievi  by  mit^m.jr  -2itr  >fniLL:i*i»*  if  r^i'iirvd.  suaie  distance  along 
ctie  Lik"?  in  pLu.v  ot  ntigTTfj  it  dijrectly  :o  ike  nearest  bay.  It  is 
expected  zhokZ  toe  steaawr  :h«j  LoiLdoa  Missiooaiy  Society  will 
trarerse  Laice  Tao^'iyiJka*  fp.»m  i»  soathem  to  its  northern 
extremity,  in  About;    week.  ULUciioriiig  each  xuLuilit. 

"This.^'*  say^i  31r.  See  wart,  '^wiil  l«e  che  completion  of  the  water 
route  to  the  lake  rv^iou^  a  r.^ute  ot  fxiliy  L-t»Xl  miles  in  a  nearly 
straijrfit  line,  with  only  17.>  luile^j  ot  Lind  carriaaje  throughout  the 
whole  of  it  "  a  n>u:e.  I  may  add.  from  the  mouth  of  the  Shire 
northwards^  explored  and  of-viied  up  throughout  by  British  subjects. 

It  is  an  intere^^tiug  question  whetiier  the  Lake  Muta  Xzige  can 
be  reached  by  water  fivm  Lake  Tan^^anyika.  If  Stanley  s  caloila- 
tion  as  to  the  le\"el  of  the  fi.»rmer  lake  be  accepted,  the  fcdl  on  the 
river  Ruanda,  which  tiows  into  Lake  Tanganyika  from  the  north, 
and  is  suppoc>ed  to  tiow  from  the  Muta  Nzige,  would  be  too  great 
to  admit  of  iiavigatioiL 

Connecteil  with  this  Lake  route  which  we  have  described,  there 
are  certain  bye  routes  which  we  may  here  notice  shortly.  From 
its  continence  with  the  Shire  up  to  the  Karoabassa  R^ida,  the 
channel  of  the  Zambezi  is  broad  and  shallow  in  many  parts — so 
much  so,  that  the  traveller  Serpa  Finto  considers  the  Shir^  prefer- 
able as  a  trade  route«  though  involving  a  portage  of  90  miles  to 
Tete,  the  chief  Portuguese  settlement.  Livingstone,  however,  took 
the  Jia  Roberty  his  steam  launch,  up  the  Zambezi  in  time  of  flood, 
and  found  only  a  t hive -knot  current  where  it  was  most  rapid. 
Quite  recently  the  steam  launch  of  the  African  Lakes  Company 
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made  the  same  voyage  iu  ten  days.  The  KaroabSiSsa  Kapids 
extend  40  miles,  and  cannot  be  passed.  Above  them  for  265 
miles  to  Kariba  Gorge  there  is  a  clear  chaimel  for  shallow-draught 
steamei'S,  the  river  declining  about  one  foot  per  mile.  About  30 
miles  below  this  gorge  the  Kafue  enters  from  the  west,  and  Seq>a 
Pinto  states  from  native  rei)ort  that  it  is  similarly  navigable  for 
230  miles  westwards  to  Kayingas  or  Caicuo's  Town,  an  important 
trading  station.  From  Kayingas  a  i)ortage  of  IGO  miles  bnngs 
you  to  Lialui,  the  capital  of  the  Bavutise  empire,  on  the  upper 
waters  of  the  Zambezi,  which  are  also  navigable. 

There  is  another  bye-route  which  may  be  important :  the  road 
between  the  Lakes  Nyassa  and  Tanganyika,  now  being  constructed, 
crosses  the  most  lemote  head-waters  of  the  Congo,  called  here 
Ohambeze,  at  a  point  only  675  feet  above  the  level  Livingstone 
assigns  to  Lake  Bangweolo.  J3y  transpoi-ting  the  sections  of  a 
steam  launch  some  iSO  or  100  miles  across  the  plateau,  it  might  be 
put  together  on  tluj  banks  of  the  Cliambeze,  and  could  steam  not 
only  to  Lake  Bangweolo,  but  onwaixls  to  Lake  Moero,  as  tlie  fall 
betwixt  the  lakes  is  little  more  than  one  foot  per  mile. 

Befoi'e  leaving  this  part  of  the  continent,  1  may  be  allowed  a 
few  woi-ds  as  to  thtj  conditions  on  which  traffic  is  conducteil  by 
these  routes.  The  Lisbon  Government,  in  1877,  issued  a  liberal 
tariff  for  the  province  of  Mozambique — of  which  I  print  in  the 
Appendix  an  abstract  furnished  to  me  by  the  late  Viscount  Duprat, 
Consul-General  in  London,  which,  with  alterations  made  from 
time  to  time,  which  are  inconvenient,  is  in  force  now. 

With  a  liberal  tarilf,  a  transit  duty  of  3  per  cent.,  and  with 
the  opening  of  the  coasting  trade,  commerce  ought  to  progress ; 
but  there  are  two  things  which  suggest  extreme  caution  iu  taking 
any  measures  involving  considerable  outlay.  In  the  first  place, 
the  tariff*  is  enjoyed  only  by  the  good- will  of  the  Portuguese,  is  not 
confirmed  by  treaty,  and  may  bo  withdrawn  at  any  time.  Another 
difficulty  is  that  the  Portuguese  use  their  African  colonies  as 
convict  settlements,  which  ai-e  somewhat  loosely  managed.  The 
convicts  are  allowed  to  scatter  themselves  over  the  continent,  and 
when  complaints  are  made  of  their  outrages,  the  ajwlogy  is  that 
they  are  out  of  Portuguese  control.  They,  and  their  half-caste 
offspring,  are  also  a  troublesome  element  of  the  population  about 
the  settlements.  In  Livingstone's  time  there  was  a  half-caste  of 
the  name  of  Bonga,  a  scourge  on  the  river  Zambezi  by  his  piracies. 
Mariano,  another  of  them,  swept  the  whole  valley  of  the  SIiir6  with 
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dre  and  sword  in  cne  interests  of  the  sLiTe  trade.  Shortly  before 
the  new  tjuilf  was  ia&iiccL  this  same  Mariano— called  Marakenye 
hj  the  natires — re-established  himself  at  the  moath  of  the  Shire^ 
and  has  bem  ^^7^^  Coipitnla  and  the  other  Makcdolo 

chie^  who,  aithoo^  certainly  no  perfect  mlers^  have  saved  the 
rallej  both  from  the  3Lmgone  or  Zulu  maraaders^  and  also  from 
the  Portngaese  haif-i:aate&  There  has  lately  arisen  a  demand  for 
labour  for  the  French  colony  of  Reimitxi.  as  there  was  when 
the  valley  was  swept  by  Mariano  before :  and  the  governor  of 
Mozambique,  stimulatai  perhaps  by  his  unruly  subjects^  judd  a 
patronising  visit  to  Mariano,  and  there  was  a  general  outcry  to  clear 
out  the  Makololo.  The  home  Government  superseded  this  governor, 
but  Mariano  remains  there,  watching  till  the  Makololo  run  out  of 
ammunition,  and  actually  threateneil  to  close  the  river  against  the 
British,  because  he  had  heard  that  a  visitor  had  made  a  present  of 
a  gun  to  the  ^lakololo  chief,  Chipitula.  In  strange  inconsistency 
with  this,  there  is  a  porteria,  or  arrangement,  by  which  the  natives 
are  brought  to  Ibo,  on  the  Mozambique  coast,  to  be  then  shipped  on 
lx>ard  French  vessels  for  these  colonies  One  of  the  Makololo 
chiefs,  Ramakukan,  it  is  reported,  put  a  lot  of  natives  into  slave 
sticks,  sent  them  to  Ibo,  and  was  at  once  supplied  with  guns  and 
powder.  The  question  suggests  itself,  why  the  Portuguese  should 
not  send  their  convicts  to  their  Island  of  St^  Thomas,  as  France 
does  to  New  Caledonia,  or  England  did  to  Norfolk  Island,  and  thus 
rid  the  continent  of  so  great  a  plague.  Secondly,  one  may  well 
ask  why  a  man  must  become  a  slave  dealer  before  he  can  get  guns 
or  ammunition  to  protect  himself.  Upon  the  East  Coast  of 
Africa — from  which  the  waterway  of  the  lakes  is  at  a  distance  of 
from  400  to  600  miles — the  Government  of  Portugal  has  not  only 
prohibited  the  slave  trade,  but  abolished  the  status  of  slavery; 
and  it  is  much  to  be  regretted  that  these  intentions  are  so  badly 
carried  out  The  Seeyid  of  Zanzibai*  has  also  prohibited  the  slave 
trade,  but  has  equal  difficulty  in  can*ying  out  his  policy.  If  we 
are  to  accept  Mr.  Hutley's  statement  at  a  recent  Anti-slavery 
Meeting,  10,000  are  brought  annually  across  Lake  Tanganyika, 
and  as  many  taken  to  Pemba;  while  it  is  estimated  that  40,000 
more  are  expoited  towards  the  Persian  Gulf.  At  the  present  time 
the  number  brought  from  the  Nyassa  distiict  is  very  large,  pro- 
bably exceeding  Livingstone's  estimate  of  20,000  per  annum. 
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The  Upper  Nile, 

The  second  great  water-way  leading  to  Centi-al  Africa  which  we  ' 
notice  is  the  Nile.  The  river  is  navigable  for  small  vessels  for  a 
distance  of  700  miles  from  the  Mediterranean,  where  the  navigation 
is  interrupted  by  the  first  cataract.  Thence,  for  a  distance  of  nearly 
600  miles  to  Khartum,  there  ai*e  live  successive  falls  or  rapids. 
This,  with  the  great  bend  of  the  river,  which  lengthens  its  course, 
led  to  the  survey  of  a  railway  from  iVssuan  to  Shendi,  near 
Khartum,  of  which  only  a  few  miles  have  been  constructed.  The 
estimated  cost  was  three  to  four  millions  sterling.  Mr.  Fowler 
also  submitted  plans  for  passing  the  rapids  of  the  Lower  Nile  by 
means  of  locks,  which  have  not  been  carried  out. 

Recently  the  idea  of  obtaining  access  to  the  Upper  Nile  by  way 
of  Suakin,  on  the  Red  Sea,  has  found  fa\'our.  General  Gordon 
r^rds  this  as  the  proper  way  of  approach  to  the  Egyptian  Sudan, 
and  the  present  expeditionary  force  has  gone  forwaid  to  Suakin 
accordingly.  A  line  of  swift  steamers  now  connects  this  country 
with  the  coasts  of  the  Red  Sea,  and  can  set  down  the  voyager  at 
Suakin  within  250  miles  in  direct  distance  to  a  bend  of  the  Nile 
at  Berber.  The  present  camel  route  between  these  points  passes 
through  a  desert  country  somewhat  broken  l»y  rocky  ridges.  Mr. 
Felkin,  who  recently  passed  that  way  eii  route  for  the  Church 
Missionary  Society's  ^Mission  at  Uganda  in  a  medical  capacity,  says 
there  ai*e  no  engineering  difficulties  in  the  way  of  forming  a  milway, 
except  a  few  miles  of  shifting  sands,  for  which  a  detour  must  be 
made.  The  length  of  the  line  would  be  about  280  miles.  The 
country  is  somewhat  similar  to  the  district  in  Namaqualand, 
through  which  the  narrow-gauge  railway  to  the  copper  mines  is 
carried.  As  that  line,  which  is  worked  by  locomotives,  was  made  at 
an  expense  of  £2,000  per  mile,  my  impression  is  that  a  line  from 
Suakin  is  by  no  means  a  chimerical  project.  From  Berber  the 
alluvial  valley  of  the  Upper  Nile  extends  southwards  for  a  direct 
distance  of  900  miles  without  any  break  in  the  navigation  except 
a  rapid  called  the  Sixth  Cataract,  which  can  be  passed.  At 
ELhartum,  which  is  above  this  catamct,  the  river  is  1,240  feet 
above  the  sea,  according  to  careful  surveys  made  by  the  rail- 
way engineers.  At  Lado,  on  the  White  Nile,  1,000  miles  higher 
up,  the  river  is  1,526  feet,  so  that  the  fall  is  about  4  inches 
per  mile  and  the  current  generally  about  2  knots  an  hour.  The 
channel  is  deep,  but  in  some  parts  naiTow.    From  Khartum  up 


Mr.  James  Stevkxson  on  tlie  Water  Hif/hwni/s  of  Africa,  207 

"Gesai  Pasha,"  he  states,  "writes  regarding  the  Bahr-el-Ghazal 
province : — *  The  cotton  grown  there  is  superior  iii  fineness,  softness, 
and  length  of  staple,  to  that  of  America  and  I^ower  Egypt/  *  It 
would  be  also  easy  to  procure  10,000  cantai's  of  caoutchouc  yearly, 
worth  about  1,800,000  francs  (£72,000),  whilst  the  expense  would 
not  exceed  from  80,000  to  100,000  fi-ancs  (£3,000  to  £4,000)/ 
*  Copal,  palm  oil,  arrowroot,  incense,  honey,  and  wax,  are  procur- 
able in  large  quantities ;  and  any  amount  of  nut  oil,  which  would 
be  of  use  to  the  steamers,  though  not  of  commercial  value  at 
present  in  Europe,  on  account  of  the  cost  of  transport.' 

So  recently  as  when  Schwcinfurth  visited  the  Upper  Nile,  there 
was  a  large  population;  and  his  description  of  the  manners  of  the 
various  tribes  was  instructive  and  amusing.  But  even  in  1877, 
Colonel  Gordon  writes  that  two-tliirds  of  the  population  of  some 
districts  had  becm  swept  away  by  the  slave  trade.  The  estimated 
number  of  slaves  exported  reaches  annually  40,000,  and  the  usual 
calculation  is  that  at  least  ten  times  that  number  are  actually  lost 
to  the  coimtry  in  the  process  of  capturing  and  driving  them. 
The  Dinka,  Shilluk,  and  other  tribes  of  the  Nile  valley,  have 
had  their  tribal  organisation  broken  up,  and,  by  the  most  recent 
intelligence,  this  extends  to  the  Mombuttus  and  Nyams,  further  to 
the  south-west,  on  the  watershed  of  the  Welle.  As  regards  these 
disorganised  races,  Schwcinfurth  strongly  recommends  that  the 
children  should  be  gathered  into  refuges.  There  can  be  no  doubt 
that  races  crushed  as  they  have  been  will  be  now  more  amenable 
than  ever  to  kindly  and  civilising  influences.  What  the  popula- 
tion of  these  Upper  Nile  provinces  of  Egypt  may  be  now  it  is 
difficult  to  say — it  was  some  time  ago  vaguely  estimated  at  about 
11  millions. 

We  now  turn  to  the  equatorial  province,  where  the  conditions 
are  somewhat  difierent.  Towards  Gondokoro,  or  Lado — which  has 
taken  the  place  of  the  older  town — mountains,  reaching  4,000  feet 
in  height,  approach  within  50  miles  of  the  river  on  the  right  bank, 
and  the  hills  close  in  to  8  miles  on  the  left.  The  navigation  now 
becomes  difficult,  until  it  is  entirely  stopi^ed  by  a  rise  in  the  general 
level  of  the  country.  Here  the  Fola  rapids  extend  about  two  miles, 
and  are  quite  impassable.  At  Dufli,  immediately  above  these, 
navigation  recommences,  and  is  continuous  to  the  southern  end  of 
Lake  Albert.  The  first  part  is  over  broad  reaches  of  the  river,  the 
banks  being  unapproachable  from  the  growth  of  the  papyrus  and 
other  aquatic  plants,  and  the  current  is  almost  imperceptible,  the 
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frtll  tii>iiij||  niilv  <iiio  inch  |>er  mile.    A  fine  nndnladxig  conntiy 
I'thMuU  (o  ri^ht  iind  loft,  gradually  rising  sonthward  to  a  height 
mF  (.000  TtMH  iilioM*  (ho  Hou-lovol — the  commencement  of  the  great 
|t|*th**Mi  xOmoIi  o\(on«lN  lUMU'ly  to  the  Zambezi,  and  in  which  the 
f\s%^M   Ukv*  lui'  iiiiluMltltHl.    Thm  upper  country  is  healthy  for 
l'**»»»p*»»»»w.  }\\\\\  <ho  nUvo  (nido  has  l>een  kept  down  by  Dr.  Emin 
VH«)nt!Mi     rho  Nile  tlowH  from  the  eastward  into  the 
\^\^\\U  s^^\\\      \        AUvr(«  tnid  is  the  boundary  of  the  Egyptian 
V\u\  \\(^\\^\{\y\\\  ivH  Stopped  l>y  the  Murchison  Falls  at 
\\v   U^.sws'.^      Is  uulov     ThiMv  im*  then  rapids  for  70  miles  to 
xxUvMxv        N\lo      navigablo  to  Hipon  Falls  at  Lake 
\  \  V'tiii  ^M\v     u  \o  Iv  h\*|HHl  that  our  countryman  Mr.  Thomson 
wiO  \[skA       vsi^.^x  \\^to)M\ay  to  that  lake  from  the  Zanzibar 
•    V  \     \  M  w  1 40         louv:  and  50  miles  broad,  and  is 

\»*»  ^  o  .  I  ki..»Ns.  vN,.  ,  I  ho  h\ko  Muta  Nzige,  to  the  south 

*  *'  *    k  .  v.v  ^  '\^'A>;h  <>«timato  of  Stanley,  3,200  feet  above 

*    K.»vxiu^v'm.  v-*v>ivv  Ukx'^  v^unot  communicate  by  water. 

.  I'l^jvr  Nilo  was  commenced  by  the 

i  ..\        ,  * .  ivus  \\  \s.  sv  v\\5ux^u  >Am\al.    In  1877  he  had  placed 

^      ^    •  »  •  «  NWA  i-s  yv>iiu^  of  0*0  tons  capacity,  and  had 

"  »  " »  ^     .  : » V        ^ XX vvi  ;  ova  ii\  ^x^tions  to  the  river  above 
^  *      '-^  -  '  X  v*<.  ?N\*s^         of  thorn  of  120  tons.  At 

'    '   ^'^vK^  \  \v.<;;v.x  tVr  this  voyage  every  three 

' ' '  •  ^  * ' '   <x      w>  vN4^  t  v*>i  ;v*  Ma^ngv\  on  Lake  Albert 

*  .^  -  \^  N^^V't  .t;;^»4v.\iwawly  an  itinerary  of  a 
'  '  >  >^  *  ,1  •  V..,;,  .  xlv  Kevi  to  Magungo,  on 
^         ^      •      *-'Xv     v.,»v  .  V  l<'<\vr.  i>0  ULil««^  by  camel  in 

'      *   ".^       •  *  \  K»^^u"*^,  >A>  ivV  luil^  by  steamer  in 

'  '        N  '   '      o  ctv^  K.V'^c.  a  dtscance  of  1,026 

'  '       ■  tvv^.v^  miles^  by  native 

^       ^-^'^'^  ^  •  -i-N  ^  >^K^  .uo      i;<xkl«a  lo  kill,  2S 

'^"'^  •   >    •  X  •      IVli.  Semite  by  land, 

-^^  *   vM.x^>  ^^.x'xt  Frtwi  Dadi  to 

•  -X.  V  •  ,      V  i^v.^.  tv  .Ii.isjL  :,AV         by  wa^ 

'    -  vv  V  'v..,  ;v  aKNitwivv  ^vtt*ii  >r*bi.H» 

v^^«,          K,vv  i.  H      >^'uw  iiiiktbinr  ;i:p  w>  libe 
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At  the  watershed,  between  the  Nile  basin  and  the  Welle,  the 
land  rises  to  a  height  of  2,900  feet.  The  River  Welle  was  found  by 
Schweinfiirth  to  be  a  stream  of  considerable  importance.  It  seems 
now  to  be  settled  that  it  is  the  same  as  the  Shari  river,  which 
flows  into  Lake  Tsad,  which  would  give  it  a  course  of  1,200  miles. 
In  the  dry  season  it  is  about  half-a-mile  wide  as  it  enters  Lake 
Tsad,  and  Lake  Tsad  is  then  shallow,  and  about  10,000  square 
miles  in  extent ;  but  when  the  river  swells,  in  the  rainy  season  in 
August,  it  gradually  gains  in  size  until  November,  when  the  lake 
deepens  to  the  extent  of  20  or  30  feet,  and  becomes  at  least  five 
times  as  large.  A  great  flow  of  water  is  sent  eastward,  by  the 
Bahr-el-Ghazal  (not  to  be  confounded  with  the  Nile  affluent  of  the 
same  name),  which  reaches  to  a  depression  at  the  foot  of  the  Tarso 
Mountains,  spreading  widely  northwards  over  the  desert,  and  dis- 
appearing by  evaporation  in  the  dry  season.  At  the  highest  flood 
water  it  is  also  supposed  to  send  a  stream  westward,  by  the  Mayo 
Kebbi,  into  the  Binue,  which  is  an  affluent  of  the  Niger.  The  Niger 
system,  however,  scarcely  falls  within  our  notice,  belonging,  as  it 
does,  to  West  Africa.  The  distance  between  the  Jur  (an  affluent  of 
the  Nile)  and  the  Welle  is  not  great,  and  suggests  that  route  as  a 
convenient  mode  of  access  to  these  countries  As  the  Lake  Tsad  is 
880  feet  above  the  sea-level,  and  the  chief  town  of  the  Mombuttus, 
upon  the  Welle,  is  2,700  feet,  it  is  pi-obable  that  the  Welle  or  Shari 
is  navigable  throughout  most  of  its  course.  At  Kuka,  the  capital 
of  Bomu,  on  Lake  Tsad,  there  are  annually  collected  10,000  slaves, 
gathered  from  the  surrounding  countries.  The  slaves  are  marched 
700  miles  to  Murzuk  in  Fezzan,  and  then  500  miles  to  the  coast, 
and  the  track  is  everywhere  marked  with  the  bones  of  those  who 
have  sunk  under  the  hardships  of  the  way. 

The  Congo,  or  Livingstone. 

We  now  turn  to  the  greatest  watercourse  of  Central  Africa — 
the  Livingstone,  as  it  was  named  by  its  explorer,  or  pi'eviously, 
the  Congo,  or  Zaire.  So  far  we  know  little  of  it,  except  from 
Stanley's  thrilling  narrative.  Four  hundred  years  ago  the 
Portuguese  erected  a  pillar  on  the  Point  Padrao,  marking  the 
entrance  to  the  Congo,  and  for  a  time  they  had  some  connection 
with  the  territory,  as  the  name,  San  Salvador,  the  capital  of  the 
kingdom  of  Congo,  indicates ;  but  their  occupation  having  been 
long  intermitted,  their  claim  to  territorial  rights  has  not  been 
reoognised  by  our  Government.    In  this  position  the  matter  hajst 

Vol.  XIV.  u 


210 


Philosophical  Society  of  Glasgow. 


remained  since  1856.  In  respect  of  the  claims  of  the  Portuguese, 
we  may  remark  that  the  king  of  Congo,  the  Makoko,  and  other 
Bantu  were  before  them;  that  they  are  now  in  possession;  and 
nothing  is  required  that  an  international  police  could  not  effect 
(see  page  25).  On  the  other  hand,  if  some  Bongas  and  Marianos 
were  to  ensconce  themselves  upon  Stanley's  Road,  as  on  the 
Zambezi,  it  is  by  no  means  clear  that  the  public  opinion  of  the 
Portuguese  settlements,  recruited  so  long  by  convicts,  would  permit 
of  the  Lisbon  Government  dislodging  them.  In  these  circumstances, 
it  seems  hardly  reasonable  to  expect  civilized  nations  to  acquiesce 
in  having  this  great  river  handed  over  to  Portugal,  however  much 
its  good  intentions  may  be  respected.  We  have  had  some  experience 
of  the  difficulty  of  keeping  even  the  Boers  to  their  engagements. 

English  and  Dutch  houses  have  been  carrying  on  trade  in  the 
estuary,  but  the  not  unreasonable  fear  of  the  natives  that  they 
would  be  deprived  of  their  trade  prevented  all  access  into  the 
interior,  until  Stanley  suddenly  appeared  and  explained  whence 
that  enormous  flood  of  water,  which  is  said  to  freshen  the  suiface 
of  the  ocean  for  70  miles,  liad  brought  him. 

The  King  of  the  Belgians  found,  in  these  results  of  the  liberal 
enterprise  of  tlie  Anglo-American  pi-ess,  the  prospect  of  realizing 
his  conception  of  a  chain  of  stations  across  the  continent,  and 
entered  with  enthusiasm  into  the  opening  up  of  the  newly  dis- 
covered lands  to  the  world.  The  chain  of  falls  extending,  in  direct 
distance  140  miles,  has  been  passed  by  an  excellent  road,  cut  in 
some  places,  with  considerable  labour  and  expense,  out  of  the  rocky 
bluff's  which,  in  some  parts,  abut  on  the  river  banks.  The  result  is 
that  the  journey  from  the  mouth  of  the  estuaiy  can  now  be  made 
in  20  days,  to  the  upper  reaches  of  the  river  at  Stanley  Pool.  Along 
the  estuary  from  Banana  to  Vivi — a  distance  of  115  miles — the 
voyage  can  be  made  by  steamei*s  of  any  size ;  from  Vivi  to 
Isangila  the  journey  is  made  by  road,  a  distance  of  52  miles, 
thence  by  river  in  a  small  steamer  to  Manyanga,  about  73  miles, 
and  by  road  again,  on  the  north  side  of  the  river,  about  95  miles, 
to  Stanley  Pool.  A  station  called  Leopoldville  has  been  formed 
at  the  end  of  the  road,  across  the  river  on  the  south  side.  On  the 
opposite  side,  M.  de  Brazza,  an  explorer  of  the  International 
Society,  on  hearing  of  Stanley's  discoveries,  made  his  way  from 
the  Ogowe,  whicli  debouches  on  the  coast  about  400  miles  to  the 
north,  and  founded  a  station  on  the  other  side  of  the  Pool,  which 
has  been  called  Brazzaville. 
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At  Stanley  Pool  we  ai'e  at  the  commencement  of  a  magnificent 
stretch  of  navigable  river,  extending  a  thousand  miles  in  a  curve 
to  the  centre  of  the  continent.  Stanley's  narmtive  is  probably 
familiar  to  most  here;  I  may  recall  some  of  his  chief  points  bearing 
on  the  opening  uj)  of  the  country.  He  gives  few  soundings,  but 
he  remarks  that  the  river  can  float  the  largest  ^-(issels  that  ply  on 
the  Mississippi,  and  tliat  there  are  no  snngs  to  endanger  them — 
which  he  attributes  to  the  hard  nature  of  the  bottom.  The  fall 
from  Stanley  Falls  to  Stanley  Pool  is  about  5  inches  per  mile;  and 
the  current  is  f^aid  to  be  about  tlireo  knots  at  a  point  below  the 
confluence  with  the  Nkutu.  From  the  time  Stanley  came  on  the  main 
river  the  party  were  free  from  disease,  which  had  tried  them  much 
on  the  higher  reaches  beyond  Stanley  Falls.  A  fresh  breeze  blew 
every  day  up  the  river,  as  he  approached  the  lower  parts.  The 
shores  are  mostly  bounded  by  forests,  m  which,  among  many  other 
trees,  are  mentioned  the  teak,  the  oil  palm,  the  wild  date,  and  the 
gum  tree;  among  the  undergrowth  are  the  oil  berry,  the  black 
ivory  nut,  the  ginger  plant,  the  dragon's  blood  tree.  Oxen  and 
sheep  are  not  mentioned;  and  the  presence  of  the  tsetse  indicates 
that  such  animals  cannot  live — which  may  to  some  extent  explain 
the  cannibal  propensities  of  the  people.  Some  of  the  tribes  build 
splendid  galleys  for  war  pui7)oses,and  the  iron  weapons  they  produce 
are  of  excellent  finish.  According  to  Stanley,  notwithstanding 
this  appearance  of  civilisation  along  the  whole  course  of  the  river, 
from  a  short  distance  above  Stanley  Pool,  and  on  the  upper  river 
nearly  to  Nyangwe,  strangers  are  regarded  only  as  so  much  food 
brought  within  their  reach.  Some,  however,  of  the  races  were 
found  hospitable  and  friendly. 

On  the  lower  part  of  the  river  many  boats  were  met,  with 
native  tradei-s  on  board;  but  certain  limits,  within  which  each 
tribe  carries  its  goods,  seem  to  be  strictly  maintained.  It  is  con- 
ceivable that  the  opposition  to  Stanley  may  have  been  partly 
occasioned  by  his  breaking  these  trade  rules,  and  to  be  compared 
with  the  difliculties  any  one  would  find  who  tried  to  cross  Europe 
in  defiance  of  the  Douaniers.  It  is  probable,  too,  that  some  rumour 
of  the  ravages  of  the  Arabs  at  Nyangwe  may  have  reached  this 
part  of  the  river  and  created  hostility.  Stanley  estimates  that  it 
takes  five  years  for  goods  to  be  taken  well  up  the  river  at  present. 

It  is  remarkable  how  superior  races  have  in  many  regions  be- 
come addicted  to  the  practice  of  cannibalism,  in  some  places  a 
perverted  application,  mayhap,  of  the  doctrine  of  the  survival  of  the 
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fittest;  but  in  Manyema  and  other  places  taking  the  form  of 
ghoulish  feasts.  It  seems  to  arise  from  the  craving  for  animal 
foody  which  appears  to  be  strong  in  the  African  climate.  In  the 
Fiji  Islands  it  was  remarkable  how  the  introduction  of  the  pig 
assisted  in  the  abolition  of  the  practice;  and  it  may  not  be  amiss 
to  remark  that  the  introduction  of  beef  and  mutton  into  cargoes 
on  the  Livingstone  might  lead  to  a  somewhat  similar  result:  The 
health  of  Europeans  on  Lake  Nyassa  greatly  improved  when 
regular  supplies  of  such  food  came  to  be  brought  in  by  the  African 
Lakes  Company. 

I  shall  mention  now  the  tributaries  of  the  Livingstone,  of  which 
something  is  now  known  from  other  sources.  Those  on  the  north 
side  are  of  less  importance,  as  is  shown  by  the  fact  of  the  Congo 
only  rising  2  feet  when  they  are  in  flood — while  it  attains  9  feet 
when  the  flood  is  from  the  south.  The  Alima  is  that  by  which 
De  Brazza  hopes  to  make  a  practicable  trade  route  from  the 
Ogow^  to  the  Congo ;  but  as  there  is  a  distance  of  500  miles  from 
the  port  where  ocean  steamci*s  can  discharge,  it  is  not  obvious  what 
advantage  there  is  over  Stanley's  easy  road.  Tlie  account  De 
Brazza  gave  to  the  Paris  Geographical  Society  of  his  interviews 
with  the  natives  is  curious.  HLs  flrat  object  on  reaching 
the  banks  of  the  great  river  was  to  establish  peaceful  relations 
with  the  Apfuru  and  other  tribes  of  the  Ubanji  nation.  The 
principal  of  these  were  the  Alhialumo  (sailors  of  the  Congo), 
who  are  bom,  live,  and  die  with  their  families  on  board  of  the 
fine  canoes,  in  which  they  carry  on  a  trade  in  ivory  and  other 
goods  between  the  Upper  Alima  and  Stanley  Pool  With  these  he 
had  first  to  deal.  He  addressed  himself  to  Ngampey,  their  chief, 
who  seemed  inclined  to  be  friendly.  Choose,"  M.  de  Brazza  said, 
"  between  the  cartridge  and  the  flag  I  send  you:  one  will  be  the 
sign  of  war  without  mercy,  the  other  the  symbol  of  a  peace  as 
profitable  to  you  as  to  ua"  That  an  African  interpreter  would 
translate  literally  this  speech,  or  others  made  to  Makoko,  would 
be  contrary  to  all  experience. 

Of  the  Bangala  and  the  Ukere  nothing  is  known.  The  Aruwini 
was  thought  by  Stanley  to  receive  the  waters  of  the  Welle,  but 
quite  recently  it  is  believed  that  its  head  waters  have  been  de- 
scribed from  native  report,  with  an  extensive  lake  through  which 
it  passea  It  would  appear  to  drain  the  northern  slopes  of  the 
mountains  west  of  Lake  Albert.  Judging  from  the  size  of  the 
equatorial  affluents  that  pour  into  tho  Congo  fix>m  the  east,  the 
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rain&ll  on  these  mountains  must  be  very  great.  The  Lowwa  is 
1,000  yaixls  wide,  the  Mbuixa  is  600,  while  the  course  of  neither 
can  much  exceed  200  miles  in  length ;  and  it  is  not  surprising 
that  the  Aniwini  is  described  as  2,000  yards  in  width  where  it 
joins  the  main  river,  and  that  it  is  said  to  be  navigable  for  several 
hundred  miles. 

Of  the  large  affluents  on  the  south  side  of  the  Congo,  the  western 
branch  of  the  Nkutu  is  well  known  as  the  Quango.  The 
Portuguese  travellers,  Capello  and  Ivens,  examined  the  upper 
portion,  which  is  too  much  encumbered  with  falls  for  navigation. 
From  the  lowest  fall,  called  Kikongi,  Von  Mechow  attempted  to 
descend  in  a  boat  300  miles  to  the  confluence  with  the  Congo, 
but  his  boatmen  compelled  him  to  return  on  account  of  a  cannibal 
tribe  he  was  approaching.  Several  German  travellers — Buchner, 
Pogge,  and  Wissmann — have  been  exploring  the  other  southern 
affluents  of  the  Congo.  From  their  infonnation  it  appears  that 
the  Nkutu  receives  the  Kasai  and  the  other  rivera  to  the 
23**  Ion.  The  Ikelcmba,  which  pours  a  flood  of  sea-gi*een  water 
into  the  Congo  1,500  yards  in  width,  seems  to  draw  its  great 
supply  from  the  forest  lands  directly  under  the  equator,  where  the 
rains  extend  to  both  parts  of  the  year.  These  and  other  rivera 
are  probably  navigable,  perhaps  with  a  break  corresponding  with 
Stanley  Falls.  The  Sankuru,  there  called  Lubilash,  was  found,  at  a 
distance  of  500  miles  from  the  Congo,  to  be  of  the  same  size 
as  the  Elbe  (about  500  feet  wide),  and  as  the  fall  is  little  more  than 
a  foot  per  mile,  it  is  probably  navigable  from  the  Congo  upwards. 

About  the  tifth  parallel,  south  latitude,  a  plateau  of  about  2,000 
feet  above  the  level  of  the  sea  bounds  on  the  south  the  dense  forests 
through  which  these  rivers  flow  northwards.  It  is  thickly  peopled 
by  most  interesting  tribes.  Here  is  part  of  the  most  i*ecent  intelli- 
gence brought  by  Wissmann.  ^  He  came  through  the  country  of 
the  Basonge,  in  the  very  heart  of  the  continent : — They  lived  in 
beautiful  villages,  miles  in  length,  cultivated  the  land,  and  excelled 
in  the  manufacture  of  cloth,  pottery,  iron  articles,  and  wood  carving. 
To  the  east  of  these  tribes,  however,  I  found  that,  in  consequence 
of  a  recent  inroad  of  the  Arabs  of  Nyangwe,  the  villages  had 
been  deserted.  The  Basonge  have  never  yet  seen  an  Arab,  nor 
heard  the  report  of  a  gun,  but  I  am  afi*aid  their  fate  is  sealed.'' 

To  return  to  the  main  river,  above  Stanley  Falls,  which  extend 
about  62  miles,  or  if  the  two  lower  can  be  passed  about  8  miles, 
there  is  a  clear  coui*sc  of  about  220  miles,  when  the  river  is  again 
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broken  by  a  fall  50  miles  below  Nyangwe.  There  in  auother  fall 
about  50  miles  above  Nyangwe,  and  just  above  it  an  affluent  called 
the  Luasse,  which  is  navigable  for  swift  steam  launches  well  on 
towards  Lake  Tanganyika.  The  main  nver  from  Lake  Moero  to 
this  point  declines  at  the  i*ate  of  about  4  feet  per  mile,  and  is  pro- 
bab]y  not  navigable.  Lakes  Bangweolo  and  Moero  are  probably 
more  accessible  by  the  Nyassa  Lake  route.  The  country  to  the 
west  of  these  lakes  was  partly  explored  by  Cameron,  and  is  visited 
by  slavers  both  from  the  east  and  the  west  of  the  continent.  Keith 
Johnston  thus  describes  these  countries: — ^^In  taking  a  general 
survey  of  the  country,  from  the  Tanganyika  to  the  west  coast,  it  is 
evident  that  it  is  one  of  enormous  natural  wealth.  The  oil  palm 
flourishes  all  over  the  broad  valley  of  the  Lualaba  to  an  elevation  of 
2,600  feet  above  the  sea ;  cotton,  coflee,  nutmegs,  pepper,  tobacco, 
sesamum,  and  india-rubber  ai*e  among  the  vegetable  products 
which  grow  wild ;  and  wherever  the  Arabs  have  penetrated  from 
the  east  coast  they  have  successfully  introduced  the  cultivation 
of  rice,  wheat,  onions,  and  fruit  trees.  Of  metals  thei'e  are  iron 
and  copper  and  cinnabar  in  abundance ;  silver  and  gold  are  also 
known  in  Urua.  The  blot  upon  this  fair  country  is  the  slave 
trade,  which  is  carried  on  to  a  great  extent  to  supply  those  countries 
which  have  already  had  their  population  depleted  by  the  old  coast 
trade.  The  chiefs  like  Kasongo  and  Matazafa  are  utterly  and 
entirely  irresponsible,  and  would  give  a  man  leave  for  the  present 
of  two  or  three  gims  to  go  and  destroy  as  mauy  villages  as  he 
could  for  slaves." 

Goieral  Observations. 

1  would  desire  now  to  lay  before  you  a. few  general  observations 
on  practical  work,  chiefly  gained  from  experience  regarding  the  lake 
district.  With  regard  to  the  probability  of  getting  any  produce 
out  of  these  regions  when  ivory  is  exhausted,  the  present  almost 
prohibitive  rates  of  carriage  give  no  criterion  as  to  what  may 
result  if  the  i-ates  are  reduced.  This  will  be  a  gradual  process — 
ivory,  with  other  articles,  will  have  to  be  the  cargoes  for  a  time, 
but  it  will  be  found  that  many  products  will  come  to  have  a  place, 
and  scientific  investigation  of  the  diflerent  districts  should  be 
made.  India-rubber  3rielding  plants  arc  very  widely  distributed, 
and,  next  to  ivory,  can  afibixl  a  large  freight 

The  disposition  of  the  natives  to  work  is  an  important  element 
of  progi'ess.    Many  of  the  interior  tvil^es  show  considerable  skill, 
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both  in  handicraft  and  agriculture — for  example,  the  working  of 
iron  seems  almost  universal.  A  great  deal  depends  on  how  they 
are  approached  at  fii*st.  Livingstone  recommended  that  to  a  new 
tribe  a  preliminaiy  visit  should  l>e  paid ;  if  all  went  well,  it 
would  be  found  on  a  second  visit  that  considerable  advance  had 
been  made  in  the  interval  in  gaining  their  confidence.  For 
instance,  in  prepaiing  to  make  the  road  between  the  lakes — 
Nyassa  and  Tanganyika — it  was  not  until  after  the  second  or 
third  visit  that  the  Chungus  would  give  much  aid  in  exploration 
or  work.  By  accounts  just  received,  they  were  working  with  a  will 
at  a  wage  in  cloth,  costing  about  Is.  lOd.  per  week :  and  the  under- 
taking was  well  advanced.  Road  making,  which  will  be  required 
on  the  different  portages  desciibed  in  connection  with  these  routes, 
is  a  very  good  training  for  steady  work,  and  the  natives  seem  fond 
of  it.  I  may  mention  that  the  ten-foot  road  past  the  rapids  of  the 
Shir^  was  made  at  a  cost  of  £7  per  mile,  paid  in  cloth,  for  native 
labour.  There  being  some  danger  of  the  tsetse  fly,  this  road  has 
not  been  made  for  waggon  traflic.  The  road  between  the  lakes, 
also  10  feet  wide,  but  intended  for  waggon  traffic,  is  expected  to 
be  made  for  £,2.0  per  mile — the  half  of  which  is  for  native  labour, 
and  the  other  half  for  salaries  and  such  sim2)le  bridges,  etc.,  as  ai^e 
required,  The  people  here  never  saw  an  Arab,  much  less  a 
European,  till  1878.  Latterly,  slave  huntei-s  have  been  in  their 
neighbourhood,  but  there  is  every  reason  to  believe  that  the 
presence  of  the  engineer,  the  trader,  and  the  missionary,  will  save 
them.  The  next  stage  might  be  to  get  them  to  make  plantations 
of  commercial  articles,  such  as  the Jicus  elastica^  which  is  indigenous. 
Their  agidcultuml  skill  was  much  admired  by  Thomson  and  other 
travellers. 

To  sum  up,  I  have  thus  shown  that  in  the  six  million  square 
miles  of  Central  Africa  there  are  included  three  main  lines  of 
water  communication  actually  available,  each  reaching  directly  into 
the  centre  of  the  continent,  and  that  intercommunication  could  be 
established  between  them  without  difficulty.  Besides  these,  there  are 
side  water-ways — on  which  shallow-draught  steamei*fi  could  easily 
ply — perhaps  equal  in  length  to  the  mam  water-ways,  so  that  these 
water  highways  and  bye-ways  may  extend  nearly  to  10,000  miles. 
On  the  Lake  route  and  the  Zambezi  there  are  already  Mission 
Stations  about  ever}'  150  miles — those  on  the  Zambezi  being 
Roman  Catholic,  in  course  of  being  established — and  there  is 
also  a  Belgian  International  Station,  with  a  steam  launch  on  Lake 
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Tanganyika.  Trade  is  being  successfully  conducted  in  the  cautious 
way  that  the  circumstances  i-equire.  Coal  is  being  found  here  and 
there  in  the  country.  On  the  Upper  Nile  there  were  three  Roman 
Catholic  Stations,  but,in  consequence  of  present  disturbances  it  is 
believed  that  these  are  reduced  to  one.  A  moderate  trade  was 
being  carried  on  previous  to  the  late  complication&  Coal  has 
not  yet  been  found  in  these  countries,  and  would  be  essential  to 
any  considerable  traffic — wood  being  scarce.  It  might  be  supplied 
by  a  Suakin-Berl>er  Railway.  On  the  Livingstone,  Mission  Stations 
are  established  all  the  way  on  the  estuary,  and  up  to  Stanley 
Pool ;  at  Stanley  Pool  the  missionaries  are  waiting  till  the  way  is 
opened  up  for  further  advance.  Stanley  himself  has  formed  a  line 
of  Trading  Stations  up  to  the  Pool,  also  at  the  mouth  of  the  Nkutu. 
He  has  four  steamei's — two  on  the  estuary,  one  to  connect  the 
two  sections  of  the  road,  and  one  on  the  Upper  River.  Wood  for 
fuel  is  here  abundant  everywhei*e. 

An  interesting  statement  has  been  made  by  Sir  Bartle  Frere  in 
a  recent  periodical,  showing  that  the  working  of  the  Act  passed  in 
1843  for  the  abolition  of  slavery,  by  which  nine  millions  of  slaves  in 
India  recovered  their  freedom,  was  aided  by  the  great  public  works, 
the  construction  of  which  dates  from  the  same  period.  He  states 
"  that  the  engineer  and  his  contracts  have  been,  if  unconsciously, 
yet  very  effectually,  as  potent  agents  in  the  emancipation  of  the 
Hindoo  serf  or  slave  as  the  legislator,  the  administrator,  or  the 
philanthropist."  There  is,  however,  in  Africa  a  primary  difficulty, 
in  this  respect  that  there  is  neither  the  legislator  nor  the  adminis- 
trator. Not  but  that  there  are  unwritten  customs  which  have  the 
force  of  laws.  Indeed,  some  of  the  institutions  of  the  Bantu 
races  have  a  considerable  resemblance  to  those  of  our  Saxon  or 
Scandinavian  forefathers ;  but  there  is  an  alien  and  hostile  element 
that  is  destroying  all  these  germs  of  progress.  The  engineer  and 
the  trader,  with  the  missionary,  may  do  much  to  keep  the  slave 
trade  in  check,  or  even  to  uproot  it.  Our  cruisers  can  also  help  in 
the  same  cause.  But,  as  I  have  ah*eady  explained,  the  fact  of  there 
being  pmctically  irresistible  force  against  order  in  the  hands  of 
slave  hunters,  creates  a  state  of  things  that  is  without  precedent. 
The  risuig  price  of  slaves  and  ivory  tends  to  increase  these  evils. 
Taking  the  lowest  view,  there  is  some  danger  of  the  hopes  that  are 
entertained  of  the  value  of  new  markets  in  Africa  being  frustrated 
from  the  industrial  population  being  destroyed  and  warlike  tribes 
only  being  left. 
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There  is,  therefore,  impoi'tant  work  for  the  diplomatist  and  the 
statesman  in  keeping  open  access  to  the  interior  by  the  river 
entrances  we  Lave  described,  and  in  applying  such  checks  to  the 
slave  trade  as  international  law  can  be  made  to  afford.  The 
principles  that  underlie  the  decision  given  at  the  Geneva  Con- 
ference may  in  some  way  be  applicable  to  such  states  as  exercise 
inadequate  \4gilance  to  prevent  the  departure  of  slave-hunting 
caravans,  or  to  secure  the  punishment  of  those  who  may  be  proved 
to  be  engaged  in  slave  hunting  on  their  return.  The  same  principle 
may  be  applied  to  want  of  vigilance  in  preventing  the  departure 
of  slave  8hii)s. 

In  a  paper  first  read  before  the]  British  Association  in  this  city 
seven  years  ago,  and  afterwards  published,  the  writer  ventured  to 
suggest  that  an  aimed  police  force,  moving  rapidly  in  steam 
launches  by  the  water-ways,  might  serve  as  an  efficient  check  to 
slave  hunting.  As  a  centre  of  its  operations  the  neighbourhood 
of  Lake  Albert  might  be  selected,  and  from  that  position  a  line  of 
depots  might  be  formed  in  a  noi-th- westerly  direction  on  the  water- 
shed between  the  Nile  and  the  Welle,  and  southward  on  that 
between  the  Zambezi  and  Congo  affiuents,  and  between  the  Lakes 
Tanganyika  and  Nyassa.  By  these,  communications  could  be  kept 
up  with  the  police  force  on  the  water-ways,  and  they  might  serve 
also  as  sanitaria.  If  countries  having  no  desire  for  tenitorial 
acquisitions  in  Central  Africa,  but  which  have  otherwise  great 
interest  in  its  commerce,  civilisation,  and  progress,  were  to  take 
the  initiative  in  such  an  enterprise,  the  circumstance  that  Portugal 
and  Zanzibar  are  understood  to  be  negotiating  a  treaty,  of 
which  one  clause  provides  for  the  extradition  of  slave  huntei'S, 
would  seem  to  indicate  that  the  Coast  Powers  of  Africa  would 
co-operate.  Limited  contributions  from  the  engaging  powers 
would  meet  the  expense  of  such  a  police,  toward  which  the 
United  States  might  not  be  unwilling  to  contribute  from  the 
balance  remaining  to  its  credit  of  the  Geneva  award.  Tiie  ques- 
tion as  to  the  slave  trade  being  piracy,  is  at  presient  in  an  awkward 
lx)sition  of  uncertainty ;  it  was  proposed,  we  believe,  to  declare  it 
so  at  the  late  Berlin  Congress,  had  not  our  envoys  objected. 
Surely  something  can  be  done  to  settle  this  great  question  now. 

Another  question  of  vast  importance  pressing  for  solution  is  that 
of  the  supply  of  arms  and  ammunition  to  the  natives.  The  present 
system,  by  which  convicts,  and  the  scum  of  Mahommedan  countries, 
and  slave-hunting  chiefs,  can  fn?(jly  obtain  offensive  weapons, 
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while  a  cordon  is  kept  by  the  Coast  powers  against  a  supply  of 
defensive  arms,  is  not  satisfactory.  An  armed  anti-slavery  i>olice 
could  reverse  all  this.  There  is  now  sufficient  knowledge  of  these 
countries  to  permit  of  the  right  sort  of  native  recruits  being 
obtained.  The  granting  of  arms  more  genei-ally  might  be  also 
made  to  contribute  to  the  advancement  of  civilisation,  if  arms 
and  ammunition  were  sold  to  industrial  tribes  that  have  been 
more  or  less  civilised,  who  would  use  them  for  defensive  purposes. 

In  the  index  map  I  have  shown  the  boundaries  of  the  regions 
accessible  from  the  inland  waters,  as  distinguished  from  those  more 
readily  reached  from  the  coast.  In  dealing  with  this  vast  inner 
region  of  some  four  millions  of  square  miles  internationally,  thei*e 
can  hardly  be  said  to  be  any  European  complication  possible,  and 
the  same  may  be  siiid  of  the  Nile  and  Congo  approaches  On 
the  Zambezi  a  passing  toll  of  3  i)er  cent,  should  satisfy  the 
Portuguese.  The  suppi-ession  of  the  slave  trade  in  these  regions 
would  be  a  fitting  conclusion  to  the  great  measures  by  which  two 
millions  of  these  races  became  citizens  of  the  British  Colonies,  and 
seven  millions  of  citizens  were  added  to  the  United  States. 

An  increase  of  general  intelligence  on  geographical  and  ethno- 
logical subjects  would  undoubtedly  be  of  great  service,  both  in  the 
formation  of  sound  public  opinion  upon  such  subjects  as  I  have 
been  considering — which  might  be  an  assistance  and  support  to 
the  Government — and  also  in  the  intelligent  direction  of  mercantile 
enterprise.  This  we  have  hardly  prosecuted  lately  with  the  energy 
of  some  other  nations.  By  the  combination  of  all  the  means 
suggested  we  may,  I  tiiist,  reach  the  result  that,  instead  of  the  sale 
of  the  man,  there  may  be  the  sale  of  what  he  produces  in  his  own 
land — which  is  the  end  of  the  slave  trade. 


APPENDIX. 

**  PoKTUOAL's  African  Colonies. 

The  Government,  after  duly  considering  the  i-ecent  development 
that  has  taken  place  in  Africa,  and  with  a  view  of  enabling  our 
Colonies  to  accompany  the  onward  movement  in  the  march  of 
progress,  and  occupy  the  prominent  place  that  of  right  belongs  to 
them,  has  established  a  new  tariff  of  customs  at  Mozambique,  the 
result  of  which  will,  of  coui-se,  be  to  attract  commerce  to  that 
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pravinco  and  open  all  ports  to  national  as  well  as  foreign  trade. 
The  decree  also  i)ermits  commerce  to  be  carried  on  along  the 
coast  under  a  foreign  flag." 

"  The  new  tarifl'of  customs  duties  for  the  province  of  Mozambique 
is  as  follows: — 


"  Import  Duties. 

lieb. 

Butter,  European  or  Indian,  per  kil ,    ' . . .  SO 

Gunpowder,   100 

(^uns,  gun  barrels,  and  revolvers,  500 

Hoes,   00 

Li<|uor8,  distilled,  per  litre,   . . .  IM) 

Do.     fermented,  20 

Metals  uu^vrougbt  or  wrought,  6  per  cent,  ad  valorem^ 
excepting  iron. 

Molasses,  per  litre,   90 

Oil,  olive,   20 

Pistols,  each   ..  500 


Ships  (new  or  seaworthy),  to  be  registered  as  Portuguese 

vessels,  5  per  cent,  nd  valoran. 
Vessels  (condemned  as  uu seaworthy)  to  be  sold,  4  per 


cent,  ad  valor*  m. 

Sugar,  per  kil.,   30 

Tea,  perkil.,    60 

Tobacco,  uiiniaiiufactured,    ...    200 

Do.     (manufactured),  cigars,    600 

Do.     other  lots,    400 

Wine,  in  barrels  or  bottles,  per  litre,    40 

Woollens,  cotton,  raw  white,  including  handkerchiefs, 

per  kil.,    90 

Woollens,  cotton,  stamped,  dyed,   60 

Do.  open  or  transparent,  such  as  lace,  silk, 

&c.,  10  per  cent.  rafonon. 


All  other  goods  not  enumerated,  duty  free. 


**  Export  Duties. 
Cijwric  shells,  4  per  cent,  ad  valonm^ 


(rums,   2  do. 

India  rubber,   4  do. 

Ivory,                                      ...  6  do. 

Orchilla  weed,  . .    1  do. 

Seeds  of  all  kind.x   1  do. 

Skins  and  hides,    2  do. 

Wax,    4  do. 


AH  other  articles  not  enumerated,  duty  fn-c. 
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"  This  decree  was  favourably  received  by  all  the  Portuguese 
pi'ess,  and  is  generally  considered  as  an  essential  basis  for  the 
future  development  of  the  province  of  Mozambique." 

"  Art.  70  of  the  new  Mozambique  Customs  TaritF — The  transit 
through  the  Custom  Houses,  mentioned  in  Art  11*,  of  mer- 
chandise coming  from  places  outside  the  province,  and  destined, 
either  by  land  or  water,  for  foreign  countries  bordering  on  the 
north  and  south  of  Portuguese  temtories,  is  pennitted,  and  also 
merchandise  for  places  situated  beyond  the  pomt  of  confluence 
of  the  Chiro  and  Zambezi,  on  payment  of  a  sole  duty  of  3  jier 
cent,  ad  valoreni,'^ 


*  These  Custom  Houses  are  Delagoa  Bay,  Inhambane,  Sofala,  Qoilimane, 
Mozanibi([ue ;  also  one  at  the  confluence  of  the  Zambezi  and  Shird  (Chire), 
and  one  near  Cape  Delgado.  The  duty  on  gnus  has  been  raised  to  3  dols., 
and  there  have  been  other  changes,  especially  on  imports.  In  1880  the 
import  duty  on  shirtiog  was  equal  to  17-a  per  cent.,  on  drills  7i  per  cent., 
and  on  scarves  9  per  cent,  ad  vahnyn.  These  are  the  provincial  duties,  but 
to  the  inner  waters  the  transit  duty  has  been  always  3  per  cent.      J.  S. 
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XVII. — On  a  New  Apparatus  for  Recording  the  Time  of  Occur- 
rence, the  Duration^  and  the  Nature  and  Magnitude  of  the 
Motions  in  an  Earthquake.  By  Thomas  Gray,  B.  Sc.  ,  F.  R.  S.  E. 


[Read  to  the  Society,  28th  February,  1883.] 


The  appaititus  described  in  the  present  paper  has  been  designed 
for  the  purpose  of  recording  the  time  of  occurrence,  the  duration, 
and  the  nature  and  magnitude  of  the  motions  in  an  earthquake. 
This  apparatus  has  been  made  by  Mr.  James  White,  Glasgow, 
and  is  to  be  used  by  Prof.  Milne,  at  Tokio,  Japan,  in  the  investi- 
gations which  are  being  carried  out  by  him  as  one  of  the  committee 
appointed  by  the  British  Association  for  the  investigation  of  the 
earthquake  phenomena  of  Japan. 

An  earthquake  generally  consists  of  a  considerable  number  of 
separate  to-and-fro  movements  of  a  part  of  the  earth's  surface. 
These  movements  are  irregular  in  magnitude,  to  some  extent 
irregular  in  period  during  any  one  earthquake,  and  vary  very 
much  as  to  period,  duration,  and  magnitude  in  different  earth- 
quakes. From  past  experience  in  Japan,  we  infer  that  this 
instrument  may  have  to  record  motions  varying  from  one-tenth 
of  a  millimetre  to  ten  millimetres  in  amplitude,  and  from  one-fifth 
of  a  second  to  something  near  one  second  in  period ;  while  the 
duration  of  the  earthquake  may  vary  from  half-a-minute  to  about 
four  minutes. 

In  order  to  determine  the  amount  of  movement,  it  is  found  con- 
venient to  record  three  rectangular  components  of  it — two  horizontal 
and  one  vertical.  The  horizontal  components  are  recorded  by  means 
of  the  two  pendulums,  P,  Fig.  1 ,  Plate  VI.  Each  of  these  pendulums 
consists  of  a  hollow  brass  cylinder,  C,  filled  with  lead,  and  suspended 
by  a  silk  thread.  The  cylinder,  0,  is  held  deflected  from  the  position 
in  which  it  would  hang  with  its  centre  of  gravity  vertically  under 
the  point  of  suspension  by  means  of  a  thin  tube,  t.  This  tube  ter- 
minates at  one  end  in  a  sharp  vertical  knife  edge.    One  of  these 
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tubes  is  continued  by  a  long,  very  light  index  of  aluminium  foil;  while 
a  similar  index  is  attached  to  the  tube  of  the  other  pendulum  close 
to  the  knife  edge,  and  with  its  length  at  right  angles  to  that  of  the 
tube.  The  knife  edge  rests  in  a  flat  V,  cut  in  a  hard  steel  plate, 
and  the  point  of  suspension  is  adjusted  by  means  of  screw  adjust- 
ments, capable  of  giving  motion  in  three  dii*ections  at  right  angles 
to  each  other,  until  it  is  veiy  nearly  vertically  above  the  knife  edge, 
and  at  such  a  height  that  the  knife  edge  bears  along  all  its  length. 
The  points  of  suspension  are  so  atljusted  that  the  planes  through 
the  axes  of  the  tubes,  t,  and  the  suspending  threads  are  at  right 
angles  to  each  other.  The  indices  are  thus  parallel  to  each  other, 
and  they  are  arranged  to  be  in  a  horizontal  plane. 

The  vertical  component  of  the  motion  is  recorded  by  means  of 
the  mass,  M,  supported  on  the  end  of  the  lever,  1,  by  means  of  the 
spring,  S,  and  actuating  the  vertical  index,  i.  The  lever,  1,  is  firmly 
attached  to  the  cross  bar,  b,  which  is  sharpened  on  its  upper  side  to 
a  knife  edge.  The  sharpened  edge  of  b  rests  in  a  flat  V-shaped  groove 
formed  on  the  under  side  of  a  steel  plate,  wliile  the  spring  is 
attached  to  the  lever  by  links  working  round  knife  edges.  The 
mass,  M,  is  considerably  further  from  the  knife  edge  than  the  spring, 
S,  the  reason  for  this  being  that  a  moderately  long  period  of  fi-ee 
vibration  can  thus  be  obtained  without  an  inconveniently  long 
spring.  The  period  of  free  vibration  is  lengthened  to  some  extent  by 
placing  the  point  of  attachment  of  the  spring  a  little  below  the  line 
joining  the  knife  edge  and  the  centre  of  inertia  of  the  mass,  M,  and 
it  is  still  more  increased  by  a  box,  B,  which  is  i>artly  filled  with 
mercury,  and  thus  adds  negative  stability  to  the  positive  stability 
of  the  spring.  The  index,  i,  is  attached  at  its  upper  end  to  the  box, 
B,  which  is  mounted  on  a  long  horizontal  axis,  and  supported  at 
one  end  by  the  lever,  1.  In  order  to  give  rigidity  to  the  index,  i, 
without  making  it  massive,  it  is  made  of  a  very  thin  tube  of 
aluminium,  which  is  prevented  from  bending  sideways  by  fine  silk 
threads  attached  to  its  point  and  to  light  cross  bars  of  aluminium 
at  its  upper  end.  The  threads  are  kept  stretched  by  a  light  but 
stiff  spiral  spring  which  presses  against  the  top  of  the  tube.  To 
the  point  of  the  index  a  very  flexible  piece  of  aluminium  foil  is 
attached,  which  projects  in  a  horizontal  direction,  and  can  be  raised 
or  lowered  by  a  thread  which  passes  up  the  centre  of  the  tube  and 
round  a  pin  fixed  in  the  end  of  the  box,  B. 

These  three  components  of  the  motion  are  written  on  a  band  of 
smoked  paper,  wound  round  a  drum,  D,  which  is  kept  continuously 
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rotating  by  a  train  of  clockwork,  W.  The  -ends  of  the  indices  are 
arranged  to  lie  on  a  line  parallel  to  the  axis  of  the  drum,  so  that 
the  corresponding  vertical  and  horizontal  components  can  be  easily 
detected.  The  pressure  of  tlie  i>oints  of  the  indices  which  write 
the  horizontal  com]x>nent.s  on  ihe  paper  can  be  adjusted  by  means 
of  threads  attacheil  near  the  ends  of  the  indices,  and  ])assed  over 
studs  fixed  in  the  pillar  which  supports  the  i)ondulums. 

The  clockwork,  W,  is  driven  by  means  of  two  weights  acting  on 
separate  driving-wheels,  one  on  each  side  of  the  first  pinion,  thus, 
at  the  same  time,  giving  a  puro  couple  to  the  pinion,  preventing 
excessive  weight  on  the  bearings  of  the  weigh t-barn*ls.  and  avoid- 
ing the  necessity  for  maintaining  power  to  keep  the  clockwork  in 
motion  during  winding.  The  clockwork  is  governed  by  means  of 
a  governor  of  tlie  form  sho^^Ti  iu  section,  in  Fig.  2  (Plate  VII.), 
where  g  is  a  light  cylindrical  box  partially  tilled  with  glycerine,  or 
some  such  liquid,  and  mounted  in  a  vertical  axis,  a,  which  in  this 
instrument  works  in  jewels  at  top  and  bottom.  The  l)Ox,  g,  is 
geared  to  the  clockwork  liy  means  of  the  pinion,  p,  and  the  cix)wn 
wheel,  w.  The  governing  action  is  obtained  by  causing  the  liquid 
to  come  into  contact  with  a  tixed  vane,  v,  which  can  be  turned  to 
different  distances  from  the  side  of  the  box,  so  ivs  to  vary  the 
speed. 

The  action  of  the  apparatus  is  as  follows: — Supj>ose  that  the 
earth  moves  in  a  direction  at  right  angles  to  the  plane  of  one  of 
the  deflected  pendulums,  then,  since  that  pendulum  is  very  free  to 
move  round  a  vertical  axis,  the  inertia  of  the  lK)b  of  the  pendulum 
causes  it  to  turn  relatively  to  the  remainder  of  the  apparatus,  and 
consequently  the  point  of  the  index  attached  to  it  will  move  across 
the  drum  through  a  distance  dei)ending  on  the  length  of  the 
pointer  and  the  distance  of  the  instantaneous  axis  of  the  bob  from 
the  knife  edge.  Thei-c  will,  however,  be  no  motion  of  the  other 
l)enduhim.  The  same  is  tine  of  motions  at  riglit  angles  to  the 
other  pendulum,  or  to  the  lever,  1,  and  hence  if  the  motion  be 
inclined  to  all  of  these,  each  one  will  indicate  its  own  component, 
thus  determining  the  nature,  magnitude,  and  direction  of  the 
movement. 

The  duration  of  the  earthquake  is  obtained  from  the  known 
rate  of  motion  of  the  drum,  D,  and  the  length  of  the  record  on 
the  smoked  paper. 

The  time  of  occurrence  is  obtained  by  means  of  the  timepiece 
T,  and  a  system  of  magnets  and  circuit-closing  apparatus.  The 
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XVIII. — The  Fertilisation  of  Flowers.     By  Professor  Alex.  8. 
Wilson,  M.A.,  B.Sc.,  Andei-sou's  College,  Glasgow. 


[Head  before  the  Society,  llth  April,  1883.] 


Why  does  the  Ijlossom  always  precede  the  fruit '?  Wliat  hinders 
the  fruit  from  appearing  before  the  flower  ?  How  does  a  display 
of  flourish  affect  the  productiveness  of  a  ti-ee  ?  These  are  questions 
to  which  complete  answei-s  have  been  wanting  until  recent  years. 
When  the  orderly  succession  of  natural  phenomena  is  so  unvarying 
as  that  of  flower  and  fruit,  we  may  generally  infer  a  causal  relation- 
ship between  antecedent  and  consequent,  and,  from  the  undeviating 
constancy  witli  whicli  blossom  precedes  the  formation  of  finiit,  a 
hidden  connection  of  this  kind  might  have  been  suspected.  Fami- 
liar, however,  as  this  order  of  sequence  has  always  been,  it  was  left 
to  modern  scientific  research  to  explain  the  connection  between 
flourish  and  fertility.  That  this  relationship  has  been  so  long 
unexplained  is,  no  doubt,  owing  to  the  prevalence  of  an  exclusively 
{esthetic  view  regarding  flowers,  and  to  attention  having  been  con- 
fined almost  entirely  to  the  economic  valuer  of  fruits.  At  the 
outset,  then,  it  may  be  well  to  point  out  that,  so  far  from  its 
being  true  that  all  fruits  were  made  for  the  purpose  of  being 
eaten,  many  fruits  are  not  edible,  while  great  numbere  are  even 
poisonous.  The  popular  idea  regarding  fruiU  is  altogether  inade- 
quate  to  account  for  their  existence.  All  fruits,  however,  agree 
in  this  respect,  that  they  are  i)rovided  with  appliances  which  in- 
sure, the  dispersion  of  their  seeds.  Among  the  adaptations  which 
facilitate  the  scattenng  of  a  plant's  seeds,  the  following  may  be 
mentioned : — 

1.  Winged  fniits  and  feathered  seeds — suited  for  dispersion  by 
the  wind.  Examples  of  this  class  are  found  in  the  fruits  of  the 
elm  and  maple,  and  in  the  seeds  of  the  thistle  and  dandelion. 

2.  Fruits  which  explode  when  ripe,  and  forcibly  eject  their 
seeds — geranium,  balsam,  wood  sorrel,  Ihna  crepitans. 

Vol.  XIV.  v 


226 


Philosophical  Society  of  Glasgow, 


3.  Fruits  and  seeds  provided  with  hooks  intended  to  catch  hold 
of  the  fur  of  passing  animals — burdock,  bedstraw,  grapple-plant. 

4.  Coloured  and  pulpy  fruits.  These  by  their  coloura  attract 
birds  that  devour  the  soft  pai-ts  and  reject  the  hard,  indigestible 
seeds,  which  are  in  this  way  disseminated — strawberry,  rasp, 
bramble,  rowan,  rose-hip,  cherry,  <kc. 

In  the  fi-uit  of  every  plant  provision  of  some  kind  is  made  for 
the  dispersion  of  its  seeds,  and  every  part  of  the  fruit  has  its  use 
in  the  economy  of  the  plant.  This  is  also  true  of  the  flower.  A 
flower  is  a  branch  that  has  been  specially  modified  for  the  pro- 
duction of  seed.  The  purpose  of  a  flower  is  to  fonn  seeds,  and  all 
its  parts  help  in  some  way  to  attain  this  object.  Flowers  are  not 
simply  ornamental — they  render  important  service  to  the  plant 
in  helping  it  to  produce  good  seeds,  and  they  help  in  tliis  way — 

1.  Every  flower  requires  to  be  fertilised  befoi-e  it  can  produce 
any  seeds.  Fertilisation  consists  in  the  application  of  the  pollen 
or  flower-dust  to  the  stigma.  The  stigma  is  simply  the  top  of  the 
young  seed-vessel,  and  is  usually  covered  with  a  viscid  secretion 
which  causes  the  pollen  to  adhere  to  it.  Tlie  pollen  itself  is  the 
yellow  powder  produced  by  the  stamens ;  it  consists  of  grains 
which  are  in  reality  cells.  When  placed  on  the  moist  stigma, 
these  germinate  much  in  the  same  way  as  the  six)ro  of  a  fungus 
does,  giving  rise  to  a  root-like  process  (the  pollen-tube),  that  grows 
out  from  the  pollen  grain,  penetrates  into  the  interior  of  the  seed- 
vessel,  and  comes  in  contact  with  the  young  seeds  within.  Soon 
after  this  has  taken  place  an  embryo  appears  in  the  seed,  which  is 
then  capable  of  growing  up  into  a  new  plant.  Fertilisation  is 
akin  to  the  gardener's  operation  of  gi-afting  or  budding,  for  the 
pollen-grain  may  be  regarded  as  a  graft  reduced  to  a  single  cell. 

2.  The  gi'eater  number  of  flowers  possess  both  seed-vessel  and 
stamens,  and  we  might  readily  suppose  that  a  flower's  own  pollen 
would  suflice  for  its  fertilisation.  Self-fei-tilisation  does,  indeed, 
occur,  but  there  can  be  no  doubt  that  in  nature  it  is  the  excep- 
tion rather  than  the  rule — being  only  adopted  as  a  last  resource. 
Provisions  exist  in  a  multitude  of  flowers  which  have  for  their 
object  the  prevention  of  self-fertilisation.  In  such  unisexual 
flowers — as  those  of  the  cucumber,  nettle,  hemp,  willow,  alder, 
hazel,  oak,  and  poplar — where  the  flower  that  produces  the  seed- 
vessel  is  destitute  of  stamens,  self-fertilisation  is,  of  course,  impos- 
sible, and  pollen  must  be  brought  to  them  from  staminate  flowers 
if  they  ai-e  to  produce  seeds  at  all.    But  even  where  both  stamens 
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and  seed-vessel  coexist  in  the  same  flower,  self-fertilisation  is  fre- 
quently i*endered  impossible,  eitJier  (1)  from  the  relative  position 
of  the  organs,  or  (2)  from  stigma  and  stamens  becoming  matui*e  at 
diffei'ent  times  (dichogamy),  or  (3)  by  the  impotency  of  the  flower's 
own  ix)llen  when  applied  to  its  stigma.  Corresi>onding  to  these 
provisions  against  self-fertilisation,  we  find  in  all  orders  of  flower- 
ing plants  beautiful  and  often  complicated  contrivances  for  securing 
cross-fertilisation. 

3.  The  researches  of  ISIr.  Darwin  have  put  us  in  possession  of 
facts  which  clearly  demonstrate  the  superiority  of  cross-fertilisa- 
tion over  self-fertilisation.  In  flowers  which  were  not  strictly 
self-sterile,  he  found  that  a  greater  number  of  seeds  were  produced 
when  the  flower  was  fertilised  with  pollen  taken  from  another 
flower  than  when  it  was  fertilised  with  its  own  pollen.  Not  only 
were  the  crossed  seeds  more  numerous,  but  they  were  larger,  and, 
when  sown,  grew  up  into  stronger  plants  than  could  be  obtained 
from  the  seeds  of  flowers  that  had  been  fertilised  with  their  own 
pollen.  The  results  wliich  he  obtained  in  the  case  of  Ipomoea 
ptirpurea  (Co7ivolviUacece)  may  be  taken  as  ty|)ical.  Ten  gener- 
ations of  this  plant  were  grown,  and  in  each  generation  the  average 
height  of  the  self-fertilised  plants  was  compared  with  the  average 
of  the  intercrossed  ones.  In  eveiy  instance  the  comparison  was  to 
the  advantage  of  the  crossed  plants.  The  mean  of  the  whole  ten 
generations  showed  tliat  the  height  of  the  jJants  obtained  from  the 
ci*ossed  seeds  stood  towai-ds  tliat  of  the  self-fertilised  ones  in  the 
ratio  of  100  to  77,  or  as  a  man  of  six  feet  in  height  would  do  to 
one  only  4  feet  8|  inches.*  Even  in  those  flowers,  then,  which 
are  able  to  produce  seeds  when  fertilised  with  their  own  pollen, 
it  is  clear  that  cross-fertilisation,  since  it  is  attended  with  great 
advantages,  must  be  highly  desirable. 

4.  When  we  speak  of  cix)ss-fertilisation,  it  must  not  be  supposed 
that  this  means  hybridisation,  or  the  inoculation  of  a  plant  with 
pollen  from  a  difterent  species,  but  simply  that  it  be  fertilised 
with  pollen  from  another  individual  of  the  same  species.  Where 
a  plant  produces  more  than  one  flower,  an  intermediate  mode  is 
possible — viz.,  the  crossing  of  flowers  belonging  to  the  same  indi- 
vidual plant.  Experiments  show  that  such  limited  crossing  pro- 
duces effects  little,  if  any,  l)etter  than  self-fertilisation,  and  the 
arrangement  of  flowei-s  on  the  stalk  is  often  such  as  to  prevent 
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this  kind  of  crossing.  We  do,  however,  meet  with  plants  which 
have  arrangements  for  seeming  self-fertilisation  in  the  event  of 
their  failing  to  be  crossed.  Towards  the  end  of  the  season,  the 
violet  produces  minute  flowers,  which  never  expand  and  yet  give 
rise  to  numerous  seeds.  These  cleistogamic  flowers  are  interesting 
as  being  adaptetl  exclusively  for  self-fertilisation.  They  differ  from 
ordinary  flowers  in  these  respects — (1)  They  do  not  open,  but 
remain  permanently  in  the  closed  condition  of  the  bud.  (2)  Their 
petals  are  wanting,  or  are  reduced  to  the  condition  of  mere  scales. 
(3)  They  produce  only  a  few  grains  of  pollen.  (4)  Their  anthers 
do  not  dehisce,  but  the  pollen-tubes  ai'e  emitted  from  the  pollen- 
grains  while  still  contained  within  the  anthers,  (b)  The  stigma 
is  wanting,  the  orifice  of  the  seed-vessel  being  open,  so  that  the 
pollen-tubes  easily  find  their  way  to  the  young  seeds  within.  (6) 
Cleistogamic  flowere  have  no  bright  colours,  markings,  odour,  or 
honey.  Here,  then,  we  remark  a  saving  effected  in  the  petals, 
pollen,  honey,  and  scent,  and  the  material  thus  economised  avails 
for  the  production  of  a  large  number  of  seeds.  In  these  flowers 
great  numbers  of  self-fertilised  seeds  are  played  oflf  against  the 
superior  vigour  of  crossed  ones,  and  they  furnish  the  violet  with  a 
safeguard  against  extinction  in  the  emergency  of  its  failing  to  get 
any  of  its  ordinary  flowers  properly  crossed.  Species  of  Oxalis^ 
Lamiuniy  Tri/olium^  and  many  others,  possess  flowers  of  this  kind  in 
addition  to  their  ordinary  open  flowera  The  evident  adaptation 
to  self-fertilisation  in  these  flowers  leaves  no  room  to  doubt  that 
all  ordinary  open  flowers,  whose  anthers  open  and  discharge  pollen, 
or  expose  it  so  that  it  can  be  removed,  whose  stigmas  are  fitted  for 
the  reception  of  pollen,  are  adapted  for  cross-fertilisation  rather 
than  self-fertilisation.  Otherwise,  there  would  be  an  amount  of 
waste  and  unnecessary  expenditure  of  material,  in  large  bright 
petals,  honey  glands,  and  pollen  grains,  quite  out  of  keeping  with 
the  strict  economy  of  vegetable  life.  Practically,  then,  we  are 
wan*anted  in  concluding  that  all  ordinary  open  flowers  require 
and  are  adapted  to  be  cross-fertilised. 

5.  Cross-fertilisation,  however,  implies  the  transference  of  the 
pollen  from  one  flower  to  another  of  the  same  species,  as  well  as 
its  application  to  the  precise  part  of  the  flower  prepared  for  its 
reception — i.e.,  the  stigmatic  surface.  In  nature  the  pollen  is  trans- 
ported either  by  the  wind  or  by  insects.  In  a  few  cases  water, 
humming-birds,  or  snails  may  be  instrumental  in  effecting  cross- 
fei-tilisation.    With  these  exceptions,  flowers  admit  of  classification 
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into  two  divisions — (1)  Wind-fertilised ;  (2)  Insect-fertilised  flowers. 
The  wind-fertilised  iucludc  grasses,  rushes,  sedges,  nettles,  docks, 
hop,  pellitory  (Ui-ticaceae),  Poterium  (Rosaceae),  bulrush  (Typha), 
and  trees,  such  as  the  oak,  beech,  bii'ch,  elm,  ash,  alder,  poplar, 
hazel,  fir,  and  many  willows.  Wind-fertilised  flowers  produce 
no  honey,  have  no  smell,  and  are  inconspicuous  owing  to  the 
absence  of  brightly-coloured  petals.  In  these  respects  they  resemble 
cleistogamic  flowers,  from  which,  however,  they  may  be  distinguished 
by  their  being  open,  by  their  anthers  producing  and  scattering  a 
large  quantity  of  light  incoherent  pollen,  and  by  their  highly- 
specialised  stigmas.  The  floral  envelopes  (calyx  and  corolla)  are 
either  awanting  or  much  reduced  in  size,  so  that  the  wind  may 
have  free  access  to  the  interior  of  the  flower.  Their  stamens  have 
long  slender  stalks,  and  are  readily  shaken  by  the  wind,  in  order 
that  the  scattering  of  the  pollen  may  be  facilitated.  Relatively  to 
uisect-fertilised  flowers,  the  amount  of  pollen  produced  by  the 
wind-fertilised  ones  is  enormously  greater.  Thus,  it  is  not  uncom- 
mon to  find  the  ground  quite  yellow  from  showers  of  pollen  from 
the  Scotch  fir.  Each  pollen  grain  of  the  fir  is  provided  with 
inflated  wings,  which  make  it  light  and  easily  wafted  by  the  wind. 
Their  stigmas  are  in  the  form  of  feathei-s  or  brushes,  which  expose 
a  large  surface  to  the  air  with  the  object  of  catching  the  pollen 
blown  to  them  by  the  wind.  This  may  easily  be  verified  by  looking 
at  the  common  ryegrass  in  flower,  when  from  every  little  spikelet 
will  be  seen  hanging  out  on  both  sides  beautiful  feather-like  stigmas, 
spread  out  as  a  fisherman  might  spread  out  his  nets,  or  a  sailor  hb 
canvas  to  catch  the  breeze.  The  finely-fringed  and  spirally- twisted 
stigmas  of  the  common  rush,  too,  are  well  worth  looking  at  as  an 
adaptation  to  wind-fertilisation.  Very  frequently  in  this  class  the 
flowei*s  are  produced  before  the  leaves,  as  the  foliage  would  inter- 
fere with  the  wind  having  easy  access  to  the  floweiu  In  every 
i*espect  it  is  evident  that  such  flowers  are  admii-ably  adapted  for 
cross-fertilisation  through  the  agency  of  the  wind. 

6.  Passing  now  to  the  second  division,  which  is  by  far  the  larger 
and  more  interesting  section,  insect-fertilised  flowers  secrete  honey 
or  nectar  for  the  purpose  of  inducing  insects  to  visit  them.  Flower- 
fi*equenting  insects  carry  the  pollen  from  flower  to  flower,  adhering  to 
their  bodies,  and  thus  l>ecome  agents  in  eflecting  cross-fertilisation. 
Very  often  the  pollen  is  glutinous,  or  each  granule  may  be  studded 
with  projections  which  cause  it  to  adhere  to  the  hairy  covering  of 
an  insect,  i*eminding  us  of  the  booklets  on  the  fruit  of  the  bedstraw 
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by  which  the  seeds  are  disseminated.  In  the  orchids  and  asclepias 
the  pollen  grains  cohere  into  packets,  which  are  i-emoved  by  the 
insect  en  masse.  The  stigmas  of  insect-fertilised  flowers  are  of 
various  forms,  but  never  feathery  or  friuged,  like  those  of  the  wind- 
fertilised  class.  The  stigmatic  surface  secretes  a  sticky,  viscous 
fluid  of  remarkable  tenacity,  intended  to  retain  the  pollen  grains. 
The  adaptation  of  flowers  to  the  visits  of  insects,  however,  is  by 
no  means  limited  to  the  pollen  grains  and  stigmas,  for  all  parts  of 
the  flower  are  involved.  The  correlation  between  flowers  and 
insects  is  in  fact  so  intimate — there  is  such  a  striking  correspon- 
dence between  the  organs  and  habits  of  tliese  two  classes  of  organic 
beings,  the  mechanism  of  flowei-s  is  often  so  intricate,  and  the 
contrivances  for  securing  cross-fertilisation,  through  the  interven- 
tion of  insects,  are  so  numerous  and  varied — that  it  will  be  necessary 
to  treat  of  these  adaptations  separately. 

7.  Adaptations  observed  in  the  forms  of  flowei*s.  The  form  of 
the  flower  in  numerous  instances  is  as  clearly  determined  in  rela- 
tion to  the  species  of  insect  frequenting  it  as  in  the  wind-fertilised 
division  the  form  has  reference  to  the  wind.  Take,  for  example, 
the  common  primrose.  The  corolla  consists  of  a  narrow  tube,  with 
a  broad,  horizontal  flange  or  rim  at  the  top,  which  serves  as  a 
platforbi  from  which  the  insect  can  conveniently  dip  its  proboscis 
down  into  the  flower,  and  suck  up  the  nectar  which  is  secreted  at 
the  bottom  of  the  tube.  In  a  flower  of  this  form  the  nectar  is 
inaccessible  to  all  insects  except  such  as  possess  a  proboscis  as  long 
as  the  tube  of  the  flower. 

(a)  Regular  flowers,  like  the  primrose,  which  have  all  theii* 
parts  equal,  do  not  as  a  rule  exhibit  so  much  specialisation 
in  relation  to  insects  as  irregular  ones  do ;  nevertheless,  they 
admit  of  being  arranged  in  a  series  according  to  the  depth  of 
their  nectaries. — We  have  (1)  shallow  open  flowers,  in  which 
the  nectar  can  be  reached  by  any  insect  however  short  its 
tongue ;  (2)  narrow  tubular  flowers,  whose  depth  does  not  exceed 
three-fourths  of  an  inch,  and  where  the  nectar  in  consequence  is 
accessible  only  to  bees  and  butterflies ;  and  (3)  deep  flowers  with 
naiTow  tubes  exceeding  this  length,  and  nectar  inaccessible  to 
bees — adapted  to  Lepidoptera  alone  (butterflies  and  moths).  In 
open  flowers  of  the  firet  division,  such  as  the  wild  rose,  buttercup, 
or  lily,  there  is  no  limitation  to  any  particular  class  of  insect, 
but  the  nectar  is  open  to  all  comers,  and  the  adaptation  is  not 
so  obvious.    Ni)  tlistinctiou  is  made  between  the  visitora — flies, 
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bees,  and  moths  being  all  equally  welcome.  From  flowere  of  the 
second  type  flies  are  excluded.  Thus  the  clover,  comfrey,  prim- 
rose, columbine,  many  thistles,  and  other  composites,  have  tubes 
so  deep  that  their  nectar  can  only  be  removed  by  bees.  As 
examples  of  deep  naiTOw  flowers,  capable  of  being  fertilised  by 
moths  and  butterflies,  may  be  nientionetl — honeysuckle,  Dianthus 
(pink).  Lychnis,  Phlox,  and  Narcissus  poeticiis.  These  are  most 
select  and'  exclusive  as  regards  their  guests,  and  it  might  be  sup- 
posed that,  from  having  fewer  visitors,  they  would  run  a  greater 
nsk  of  not  being  fertilised  than  the  shallower  flowers  do.  To 
some  extent  this  is  true,  but  there  is  the  compensating  advantage 
that  a  single  visit  is  far  more  likely  to  be  eflicient  than  in  the 
case  of  open  flowers,  because  the  entrance  to  the  flower  is  so 
naiTow,  that  before  the  butterfly's  proboscis  can  reach  the  nectar, 
it  must  inevitably  touch  the  stigma  and  rub  against  the  stamens. 
Hence  less  pollen  will  suflice.  Accordingly  we  find  that  shallow 
flowers,  like  the  rose  and  buttercup,  have  more  numerous  stamens 
and  produce  a  much  larger  quantity  of  pollen  than  deep  narrow 
flowers.  Metaphorically,  then,  we  may  say  that  in  flowers  of  the 
third  type  a  few  skilled  hands  are  employed  to  do  the  same  work 
which  in  shallow  flowei-s  of  the  buttercup  type  is  performed  by 
a  much  greater  number  of  apprentices  and  unskilled  labourers, 
while,  as  a  consequence  of  this,  there  is  a  much  greater  waste  of 
material  in  the  shape  of  pollen  in  the  latter,  compared  with  the 
former.  What  is  wanted  is  not  merely  that  insects  shall  visit  the 
flower,  but  that  they  shall  also  properly  pollinate  it,  and  it  is  a 
distinct  advantage  if  the  shape  of  the  flower  be  such  as  to  exclude 
all  insects  except  those  which  are  most  capable  of  doing  this  work. 
Even  in  shallow  flowers  the  necessity  for  excluding  beetles  and 
ants  is  felt,  and  the  means  adopted  for  the  exclusion  of  these 
unbidden  guests  have  been  described  by  Kerner. 

(b)  Adaptations  in  the  form  of  the  corolla  are  still  better  seen 
in  irregular  flowers.  In  the  dead-nettle,  for  instance,  and  many 
bilabiate  flowei*s,  the  lower  lip  of  the  flower  serves  as  a  landing 
stage,  on  which  a  bee  can  readily  alight  in  such  a  position  that, 
on  pressing  into  the  flower,  it  is  compelled  to  brush  against  the 
stigma  and  stamens.  The  upper  lip  serves  as  a  i-oof  to  protect 
the  pollen  and  nectar  from  rain,  and  also  to  retain  the  stigma  and 
stamens  in  position.  The  size  of  the  flower,  too,  so  exactly  cor- 
responds to  the  size  of  the  bee  that  it  fits  its  body  like  a  glove, 
so  that  the  exact  part  of  the  insect  s  back,  which  in  one  flower  has 
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touched  the  stamens  and  been  dusted  with  pollen,  will  in  another 
flower  be  certain  to  come  in  contact  with  tbe  stigma.  The  same 
result  is  attained  with  greater  or  less  precision  in  those  irregular 
flowers  which  have  a  long  deep  pouch  or  spur  containing  the 
nectar — such  as  Indian  cress  (Tropoelum),  the  violet,  valerian, 
larkspur,  butterwort,  toadflax,  pelargonium,  and  orchid.  The 
irregular  flowers  of  aconite,  calceolaria,  antirrhinum,  and  the 
curious  butterfly-shaped  flowers  of  the  bean  order,  all  exhibit  an 
equally  remarkable  adaptation.  The  extraordinary  depth  of  the 
nectar-holders  in  many  irregular  flowers  is  astonishing — a  Mada- 
gascar orchid  being  known  with  a  nectary  a  foot  long,  where  the 
nectar  can  only  be  accessible  to  some  huge  tropical  moth,  like 
that  Brazilian  one  which  has  been  described  as  having  a  proboscis 
ten  or  eleven  inches  long.  The  foregoing  considerations  will  be 
sufficient  to  show  that  the  fonn  of  the  flower  has  an  important 
relation  to  the  visits  of  insects  and  to  cross-fertilisatioiL 

8.  The  position  and  ari-angement  of  the  organs  within  the  flower 
exhibit  a  similar  reference.  In  rhododendron  and  fuchsia  the 
stigma  proti*udes  from  the  flower,  taking  up  its  position  directly 
in  front  of  the  nectar  gland,  so  that  a  bee  travelling  in  a  straight 
line  to  enter  the  flower  must  ine\4tably  glide  over  the  viscid 
surface,  leaving  there  the  pollen  it  has  brought  with  it  from 
another  flower.  Once  past  the  stigma  the  bee  encountei*s  the 
stamens,  and  can  hardly  miss  carrying  away  some  of  their  pollen 
when  it  leaves  the  flower.  In  the  violet  we  have  a  most  exquisite 
mechanical  arrangement  for  preventing  self -fertilisation  and  secur- 
ing cross-fertilisation.  At  the  entrance  to  the  flower  is  the  stigma, 
viscid  on  its  outer  aspect.  It  is  somewhat  cup-sliaped,  but  the 
low(u*  mai^gin  is  prolonged  into  a  movable  lip  or  valve.  A  bee 
foixiing  its  proboscis  into  the  flower,  bends  this  lip  inwards,  so 
that  the  proboscis  is  rubbed  along  the  outer  glutinous  surface  of 
the  stigma,  which  appropriates  any  pollen  that  may  be  adhering  to 
the  proboscis,  whereby  the  flower  is  crossed.  The  style  upon  which 
the  stigma  is  borne  has  a  knee-shaped  bend,  which  gives  the  stigma 
a  spring  and  enables  it  to  regain  its  position.  Immediately  behind 
the  stigma  are  the  stamens  of  the  violet.  These  cohere  closely  in 
a  circle  surrounding  the  style,  and  they  might  remain  undisturbed 
were  it  not  that  from  them  proceed  two  little  i*ods  which  are 
lodged  in  the  hollow  spur  of  the  lower  petal.  On  the  further 
ends  of  these  rods  the  honey  is  secreted,  and  during  its  removal 
they  are  moved  by  the  insect.    When  thus  moved  they  act  as 
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levers,  and  dislocate  the  cii-cle  of  anthers,  so  that  a  shower  of 
ix)llen  is  discharged  on  the  insect's  proboscis.  When  the  bee  is 
about  to  retire  from  the  flower,  the  valve  of  the  stigma  is  elevated 
by  the  effort  of  the  insect  to  withdi-aw  its  trunk,  so  that  only  the 
inner  dry  side  of  the  lip  comes  in  contact  with  the  proboscis,  and 
none  of  the  violet's  own  pollen  can  by  any  possibility  reach  the 
viscid  side  of  its  stigma,  which  is  now  covered  up  by  the  folded  lip. 
Any  pollen  on  the  proboscis  will  thus  be  removed  from  the  flower, 
and,  in  all  likelihood,  deposited  on  the  stigma  of  the  next  violet 
visited.  Something  resembling  this  ari'angement  exists  in  fumi- 
tory and  Diclytra.  In  the  flower  of  sage  (Salvia)  we  meet 
with  a  curious  adaptation.  Each  of  its  two  stamens  is  provided 
with  a  hinge.  When  a  bee  enters  the  flower,  its  head  does  not 
come  in  contact  directly  with  the  pollen-bearing  anther,  but 
presses  against  a  knob,  causing  the  upper  part  of  the  stamen  to 
revolve  through  ninety  degrees,  bringing  down  the  pollen-bearing 
part  so  as  to  strike  the  bee  on  the  back  portion  of  its  body.  Here, 
then,  it  is  not  to  the  head  nor  proboscis  that  the  i)ollen  is  applied, 
but  to  the  exact  part  of  the  insect's  body  that  will  come  in  contact 
with  the  stigma  when  the  bee  happens  to  enter  one  of  the  older 
flowers  of  Salvia.  The  long  and  short  styled  dimorphic  flowers 
of  the  primrose  and  bog-bean,  and  the  trimorphism  of  Lythrum  and 
Oxalis,  are  contrivances  which  secure  the  same  end  with  still 
greater  ])recision.  Were  further  illustrations  necessaiy  to  prove 
that  the  position  and  arrangement  of  the  organs  within  the  flower 
have  the  closest  reference  to  the  visits  of  insects,  these  might  be 
indefinitely  multiplied  by  having  recoui*se  to  the  two  i-emarkable 
ordei*s  Orchidaceae  and  Asclepiadacete. 

9.  The  order  in  which  the  organs  of  a  flower  come  to  maturity 
has  likewise  a  bearing  on  cross-fertilisation.  The  flower  of  Arista- 
lochia  (Birth wort)  actually  imprisons  its  insect  visitor's  until  its 
pollen  is  ready  for  them  to  take  away.  In  the  younger  stage  of 
this  flower  the  stamens  are  not  ripe,  but  the  stigma  is  (juite  capable 
of  being  fertilised.  Hence  minute  flies  are  allowed  to  enter.  The 
tube  of  the  flower  is  lined  with  stiiF  inward-pointing  hairs.  This 
mouse-trap  arrangement  admits  of  the  insect's  ingress,  but  prevents 
its  exit.  It  is  not  till  after  the  seeds  have  thus  been  fertilised 
with  i3ollen  brought  to  it  in  this  way  from  another  flower  that 
Aristolochia  produces  pollen,  and  it  does  not  allow  the  flies  to 
escape  until  this  happens.  By  this  means  it  makes  sure  that  they 
do  not  leave  until  they  take  its  iwllen  with  them  to  fertilise 
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anotlier  flower.  The  escape  in  the  second  stage  of  the  flower  is 
rendered  possible  by  the  mouse-trap  hairs  withering  simultaneously 
with  the  maturation  of  the  pollen.  In  the  flowei-s  of  cuckoo-pint 
small  flies  are  in  a  similar  way  subjected  to  temporary  confinement 
for  the  same  purpose.  Both  these  flowers  aflbrd  examples  of 
protogynous  dichogamy.  Most  ordinary  flowers  are  protandrous — 
that  is,  their  pollen  is  produced  and  removed  before  the  stigma 
expands.  According  to  the  natural  acropetal  development  of  tlie 
floral  organs,  the  stamens  ought  to  be  ready  rather  before  the 
stigma,  but  this  difference  is  often  so  strongly  accentuated  that  the 
flowers  become  dichogamous,  as  in  the  wood  geranium,  mallow, 
and  willow-herb.  In  many  saxifrages  the  pai-ts  of  the  flower 
ripen  alternately.  In  Parnassus,  Ijondon  pride,  and  rue, 
the  newly-opened  flower  has  five  stamens,  all  immature,  sur- 
rounding the  pistil.  One  of  these  shortly  afterwards  elon- 
gates, bends  over  on  the  top  of  the  seed-vessel,  and  there 
discharges  its  pollen,  after  which  it  curves  outwards,  receding 
towards  the  circumference  of  the  flower.  Its  place  is  taken 
by  a  second  stamen,  which  behaves  exactly  in  the  same 
way.  The  remaining  stamens  in  turn  likewise  discharge  theii- 
pollen  in  the  same  ^wsition,  and  finally,  after  the  whole  five  have 
withered  and  all  the  pollen  has  been  removed  from  the  flower,  tlie 
stigma  expands  its  lobes  in  the  position  formerly  occupied  by 
the  stamens,  and  arrives  at  a  condition  in  which  it  is  capable  of 
fertilisation.  In  this  case  it  is  evident  that  the  pollen  for  this 
purpose  must  be  brought  from  a  younger  flower.  The  object 
secured  by  this  remarkable  development  seems  to  be  that  the  same 
part  of  the  insect's  body  that  came  in  contact  with  the  stamen  of 
a  younger  flower  shall  also  touch  the  stigmas  of  the  older  flowers. 
Where  such  alternate  dehiscence  of  anthers  occurs,  it  will  follow 
that  at  any  given  time  five  flowera  will  be  producing  pollen  for 
every  one  which  is  in  immediate  need  of  it — a  proportion  which  is 
highly  favoui-ablc  to  cross-fertilisation  by  insects.  Not  only  is 
the  development  of  the  organs  composing  the  flower  correlated  to 
cross-fertilisation,  but  the  succession  of  the  flowers  on  the  inflor- 
escence is  often  of  importance.  We  sec  this  in  the  spikes  of 
foxglove  or  Gladiolus.  The  lower  flowers  on  the  stalk,  owing  to 
the  stamens  in  each  flower  being  ripe  before  the  stigma,  are  in  the 
second  or  female  stage,  while  the  younger  flowers  higher  up  have 
only  attained  the  earlier  or  male  stage  in  which  i)ollen  is  pro- 
duced.   The  effect  of  this  arrangement  is  that  the  bees,  which,  in 
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order  to  save  time,  always  enter  the  lower  flowers  tirat,  and  pro- 
ceed I'egularly  upwards,  deposit  the  pollen  they  have  brought  froui 
another  plant  in  the  lower  flowers,  while  before  leaving  the  spike 
they  are  abundantly  supplied  with  pollen  from  the  younger  flowers 
higher  up.  Were  the  bee  to  begin  at  the  top  and  descend,  it 
would  lose  time  enteiing  the  newly-opened  flowers  which  have  no 
honey  as  yet,  and  would  simply  cany  the  pollen  from  the  young 
upper  flowers  down  to  the  lower  ones  on  the  same  stalk — a  mode 
of  crossing,  as  w^e  have  seen,  is  little  if  any  better  than  self-fei-tilisa- 
tion.*  These  are  but  a  few  of  innumerable  examples  of  this  cor- 
i-espondence  between  the  mode  of  development  of  flowers  and 
insects'  visits  that  could  be  given. 

10.  The  hour  of  the  day  when  a  flow^er  unfolds  its  petals  in 
some  instances  bears  a  manifest  reference  to  the  species  of  insect 
by  which  it  is  frequented.  Dianthus,  opening  through  the  day,  is 
fertilised  by  diumal  Lepidoptera,  Avhile  the  closely-allied  Lychnis 
vesperthm  opens  its  flowers  in  the  evening,  and  is  visited  by  night- 
ilying  moths.  The  night-flowering  stock  {Gereus  grandijlortis), 
which  blooms  at  midnight  and  fades  away  before  moming,  is 
clearly  suited  to  the  visits  of  nocturnal  insects. 

11.  The  duration  of  flowers  points  to  the  same  conclusion. 
Soon  after  fertilisation  the  petals  droop  and  fade.  This  fact  is 
but  too  familiar  to  gaixleners,  who  are  constantly  annoyed  by 
bees  getting  access  to  their  greenhouses,  and  when  once  the 
stigma  has  been  pollinated  the  flower  seldom  lasts  any  time. 
On  the  other  hand,  it  is  wonderful  how  long  a  flower  will 
remain  fresh  and  bright  if  it  has  not  been  visited.  The  fuchsia 
is  a  notable  example  of  this.  This  plant,  when  growing  out  of 
doora,  especially  towards  the  end  of  the  season,  may  often  be  seen 
with  its  flowers  in  pei-fect  condition,  after  almost  every  coloured 
flower  has  disappeared,  giving  unmistakable  evidence  that  it  has 
been  neglected  by  the  bees.  It  is  generally  the  case  that  an 
organ  falls  oflfwhen  its  function  is  perfoimed,  and  so  we  might 
connect  the  petals  with  the  work  of  fertilisation. 

12.  The  power  of  movement,  or  iiritability,  sometimes  resides 
in  the  organs  of  a  flower.  This  endowment  also  favoui-s  cross- 
fertilisation.  The  stamens  of  berbeiry,  rock-rose,  Centaurea,  and 
Kalmia  move,  when  touched  by  an  insect,  in  such  a  way  as  to 


•  I  'idc  *  *  On  the  Association  of  an  Inconspicuous  Corolla  with  Protogy ny , ' ' 
by  the  writer.— ^nViVA  AMOciation  Reports,  Dublin,  1878. 
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dust  it  over  with  pollen.  In  Mimulus  (musk),  the  lips  of  the 
stigma  close  when  touched — probably  to  retain  the  pollen.  In 
Stylidium,  the  style  is  irritable,  and  when  touched  moves  from  one 
side  of  the  flower  to  the  other,  the  movement  being  connected 
with  the  removal  of  pollen  from  insects. 

13.  The  carrion  flowers,  Stapelia  and  Rafflesia,  aflbrd  the  clearest 
evidence  that  the  odours  of  flowers  are  of  use  in  guiding  insects 
to  them.  These  flowers  have  the  disagreeable  smell  of  putrid 
meat,  and  appear  to  depend  for  fertilisation  on  the  visits  of  foul- 
feeding  !flies.  White  and  pale-coloured  flowera  have  most  scent. 
Nocturnal  flowers  have  usually  white  or  pale-coloured  petals,  and 
emit  their  perfume  only  at  night.  Thus,  the  delicious  odour  of 
Lychnis  vespertina  is  hardly  perceptible  during  the  day,  but  most 
fragrant  towards  evening.  During  the  few  hours  that  the  night- 
flowering  stock  remains  in  bloom  it  gives  out  pufls  of  odour  at 
intervals — no  doubt,  with  the  object  of  attracting  night-flying 
insects.    Perfume  ceases  soon  after  fertilisation. 

14.  We  come  now  to  the  markings  on  the  petals,  such  as  ai-e 
seen  on  the  violet,  pelargonium,  and  Veronica.  Regular  flowers, 
like  the  rose  and  buttercup,  which  have  all  five  petals  of  the  same 
size  and  shape,  have  all  five  coloured  alike ;  hwi  in  bilateral  and 
irregular  flowere  the  largest  petal  is  generally  differently  coloured 
from  the  others.  Some  varieties  of  pansy  have  their  petals  so 
coloured  as  to  remind  one  forcibly  of  a  target,  the  entrance  to 
the  nectaiy  con^esponding  to  the  bull's  eye.  This  target  type  of 
colouration  obtains  on  the  petals  of  the  eye-bright,  forget-me- 
not,  carnation,  sweet-william,  Polyanthus,  Petunia,  daisy,  aster, 
Cineraria,  and  other  composites.  On  the  petals  of  such  variegated 
flowers  as  the  speedwell,  pelargonium,  Indian  cress,  rhododendron, 
ivy -leaved  toad-flax,  fox-glove,  orchids,  and  bilabiate  flowers — as 
the  dead-nettle,  ground  ivy,  and  thyme — the  lines  and  spots  all 
converge  and  point  in  towards  the  nectar.  This  fact  led  Sprengel 
to  the  conclusion  that  these  markings  were  intended  as  honey- 
guides  to  direct  insects  to  the  nectar.  It  is  noticeable  that  night- 
blooming  flowei-s  never  have  such  markings  on  their  petals ;  but 
they  would  be  of  no  service  in  the  dark,  and,  doubtless,  the  odour 
makes  up  for  this  deficiency.  In  thus  assisting  the  bees  to  dis- 
cover the  nectar  quickly,  it  must  not  be  supposed  that  this  is  done 
exclusively  for  the  insect's  behoof.  It  would  be  more  correct  to 
say  that  the  use  of  the  markings  is  to  guide  the  insect  so  that  it 
may  enter  the  flower  in  the  way  most  favourable  to  fertilisation. 
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In  fact,  while  pointing  to  the  nectar,  these  lines  at  the  same  tinie 
point  to  the  stigma,  and  the  nectary  is  always  placed  in  such  a  posi- 
tion that  in  order  to  get  to  it  the  bee  must  pass  the  stigma,  so  that 
here  the  interests  of  the  bee  and  flower  coincide,  for  while  the 
markings  enable  the  iiLsect  to  save  time  they  render  its  visit  moi*e 
eflfectual.  The  importance  of  these  "  honey  guides"  is  brought  out 
strikingly  by  a  consideration  of  the  extraordinary  industry  of  bees. 
The  amount  of  sugar  in  flowers  is  often  exceedingly  minute — a 
pound  of  honey  probably  represents  between  two  and  three  millions 
of  flower  visits.* 

15.  Colours.  Wind-fertilised  flowers,  we  have  seen,  are  devoid 
of  bright  colours.  When,  then,  we  meet  a  brightly-coloured 
flower  we  may  safely  infer  two  things  regarding  it — 1st,  that  it  is 
not  intended  to  be  self-fertile  ;  2nd,  tliat  it  depends  on  insects  for 
cross-fertilisation.  The  firat  statement  is  abundantly  proved  from 
the  case  of  cleistogamic  flowers  considered  above ;  it  remains  to  us 
only  to  adduce  facts  in  support  of  the  latter  assertion.  The  im- 
portance of  coloured  petals  has  been  shown  by  an  experiment  of 
Mr.  Darwin's,  which  consisted  in  removing  the  petals  from  several 
flowers,  and  flnding  that  they  were  not  visited  by  thcj  bees,  which 
continued  to  frequent  the  surrounding  flowers.  Sir  John  Lubbock 
placed  sugar  on  differently-coloured  pieces  of  paper,  and  having 
accustomed  a  bee  to  a  particular  colour,  found  that  when  several 
colours  were  offered  it,  it  almost  invariably  chose  to  take  its  sugar 
from  the  paper  of  the  colour  to  which  it  had  been  accustomed. 
Still  more  recent  experiments  of  the  same  kind  tend  to  show  that 
bees  have  a  preference  for  certain  colours,  particularly  for  blue — 
and  it  is  quite  likely  that  the  coloui-s  of  flowera  may  be  correlated 
to  the  tastes  of  particular  insects,  just  as  we  have  found  their 
shapes  deteimmed  with  reference  to  the  length  and  form  of  an 
insect's  proboscis.  The  object  of  coloured  petals,  then,  is  to 
render  a  flower  conspicuous — that  it  may  easily  be  seen  by  insects. 
Conspicuousness  may  be  attained  by  many  small  flowera  clubbing 
together  into  a  community,  as  in  the  daisy  and  clover,  where  each 
head  consists  of  a  multitude  of  little  flowers,  each  of  which,  if 
growing  by  itself,  would  be  quite  invisible  from  a  distance.  Im- 
portant organs  of  the  flower  ai-e  often  sacrificed  for  the  sake  of 
greater  conspicuousness.  The  white  ray-florets  of  the  daisy  have 
a  much  larger  corolla  than  the  yellow  florets  in  the  centre ;  but 


*  Viile    Amounts  of  Sugar  in  Nectar  of  Vloyvm.''— Chemical  Neiva,  1878. 


238 


Philosophical  Society  of  Glasgow, 


this  increased  size  of  corolla  is  gained  at  the  expense  of  the  stamens, 
which  are  not  present  in  the  ray-florets.  The  larger  flowers  found 
towards  outside  of  the  inflorescence  in  Hydrangea  and  many  um- 
bellifers  are  neuter,  their  essential  organs  hax-ing  been  sacriiiced 
to  secure  a  larger  corolla,  and  thus  render  the  whole  inflorescence 
more  attractive.  Now,  when  we  call  to  mind  the  industrious, 
methodical,  and  business-like  habits  of  the  bees  when  engaged  in 
collecting  honey,  it  will  be  easily  understood  how  it  is  to  a  flower's 
advantage  to  be  conspicuous.  A  conspicuous  flower  will  be  less  likely 
to  be  missed  by  bees  huirying  to  their  task  than  an  inconspicuous 
flower,  and,  from  having  more  visitors,  will  stand  a  much  better 
chance  of  cross-fertilisation.  The  bright  hues  of  flowers  sen^e  the 
same  purpose  as  the  glaring  coloui-s  of  bills.  In  tlie  one,  the  colour 
is  intended  to  attract  the  attention  of  busy  men  as  they  pass  and 
repass  to  their  daily  toil ;  in  the  other,  the  colour  appeals  to  the 
eyes  of  the  no  less  industrious  bees  as  they  hasten  to  and  fro  on 
their  frequent  and  laborious  errands. 

We  are  now  in  a  position  to  answer  the  question  with  which 
we  started — for  we  have  seen  that  the  shape  of  a  flower,  the 
position  and  arrangement  of  its  parts,  the  order  in  which  its 
organs  develop,  the  hour  of  day  when  it  opens,  its  duration,  its 
sensitivity,  its  odour,  its  markings,  and  its  colour,  are  all  deter- 
mined in  i-elation  to  cross-fertilisation.  So  far,  then,  from  flowers 
being  merely  ornamental,  all  their  parts  have  a  share  in,  and 
the  whole  course  of  their  development  has  a  direct  bearing  on, 
the  work  of  producing  seeds — which  is  the  true  aim  of  all  flowers 
— and  herein  lies  the  connection  between  flower  and  fniit. 


EXPLANATION  OP  PLATES. 
Plate  VIII. 

Fig.       Pollen-grain,  showing  the  formation  of  tlie  pollen-tube  by  the 
protrusion  of  the  inner  coat. 
2. — Pollen-grains  on  stigma  (St),  with  pollen-tube  passing  down  tlie 
style  and  coming  into  contact  with  the  embryo  sac  within  the 
single  ovule. 

n    3. — Pollen -grain  of  campanula,  showing  the  projections  on  its  surface. 
4. — Unisexual  flowers  of  hazel.  F,  pistU-bearing  flower;  M  catkins  of 
stamens. 
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Fig.  5. — Male  catkin  of  willow  produced  on  a  separate  plant  from  the 
female.    (Dioecious. ) 

6.  — Single  male  flower  of  willow. 

7.  — Female  catkin  of  willow. 
„    8.— Single  flower  of  willow. 

9. — Monoecious  flowers  of  alder.    F,  female  catkin;  M,  male  catkin. 
,,  10. — Flower  of  oat,  deprived  of  glumes  and  pale<e,  showing  the  slender 
stamens  and  feathery  stigmas  of  the  wind-fertilised  class. 
11. — Wind-fertilised  flower  of  rush. 
„   12. — Pistillate  flower  of  carex. 

13. — Staminate  flower  of  carex. 
„  14. — Staminate  flower  of  chenopodium. 

15. — Pistillate  flower  of  chenopodium. 
.,  16. — Flower  of  scirpus,  sliowing  reduced  perianth  to  favour  wind- 
fertilisation. 

.,  17. — Flower  of  rye-grass  separated  from  spike. 


Plate  IX. 

,,   18. — Shallow  type  of  flower. 

19.  — Type  of  bee-flower. 

20.  — Deep  flower,  adapted  to  proboscis  of  butterflies  and  moths. 

21.  — Section  of  violet.    E,  two  cushions  of  hairs  which  shed  off  the 

rain  ;  A,  anthers  ;  St,  lip  or  valve  of  stigma,  sticky  on  its  outer 
side ;  N,  rods  secreting  honey,  lodged  in  P,  the  pouch  or  spur  of 
the  lower  petal. 

,,  22. — First  stage  of  aristolochia.    St,  stigma  ready  to  be  fertilised  ;  A, 

anthers  not  yet  ripe. 
,,  23. — Second  stage  of  aristolochia.    Mousetrap  hairs  withered,  stigma 

(St)  fertilised;  A,  anthers  discharging  their  pollen.  This 

flower  is  protogynous. 

24.  — Ck)rolla  of  veronica  with  markings  on  the  petals  pointing  to  tlie 

nectar. 

25.  — Flower  of  salvia.    L,  lower  lip  of  bilabiate  corolla;  A,  pollen- 

bearing  anther-lobes  ;  B,  knob  at  end  of  connective  against  which 
the  insect's  h^ad  presses,  causing  A  to  revolve  into  position 
indicated  by  dotted  lines;  St,  position  of  stigma  in  young 
flower  altered  by  growth  of  style  in  older  flowers  to  that 
indicated  by  dots.    Flower  protandrous. 

,,  26. — Flower  of  malva,  petals  removed,  showing  flrst  or  staminate 
condition,  the  stigmas  concealed  and  immature.  (Protandrous.) 
27. — Second  stage  of  malva.  Stamens,  having  shed  their  pollen  and 
withered  the  stigmas,  begin  to  expand  in  the  position  formerly 
occupied  by  the  anthers. 

,,  28. — Pollen-masses  of  orchid. 

„  29. — Pollen-masses  of  asclepia. 

,,  30. — Young  newly-opened  flower  of  parnassus.  (Protandrous.) 
„  31  and  32. — Later,  showing  alternate  dehiscence  of  anthers. 
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Fig.  33. — Last  stage  of  parnassus,  stigmas  beginning  to  expand. 

34. — Section  of  flower  of  pelargonium.    There  is  a  deep  narrow  pit  in 

the  flower  stalk  which  serves  as  a  nectar  holder,  the  nectar  being 

only  accessible  to  an  insect  with  a  long  Deedle-like  proboscis. 
,,  35. — Section  of  fuchsia  flower.    G,  honey  gland;  N,  nectar-holder; 

St,  stigma  protruding. 
,,  36. — Flower  of  rhododendron.      Stigma  protruding  so  as  to  be 

encountered  by  an  entering  insect,  stamens  so  placed  as  to  be 

reached  after  the  stigma  has  been  pollinated. 
37. — Young  flower  from  upper  part  of  spike  of  gladiolus.  Stamens 

standing  in  au  insect's  path  to  the  nectar,  stigma  nnexpanded 

and  behind  out  of  the  insect's  way. 
, ,  38.  — Old  lower  flower  of  gladiolus,  the  stamens,  having  shed  their  pollen , 

rise  to  the  upper  side  of  the  flower  to  be  out  of  the  way,  while 

the  style  bends  down  and  the  stigmas  unfold  in  the  fair  way  to 

the  nectar. 

,,  39. — Petal  of  buttercup,  showing  the  nectary  on  its  surface,  the  pit  or 
depression  being  inconsiderable. 
40. — Petal  of  closely -allied  columbine,  in  which  the  depression  is 
increased,  so  that  the  petal  becomes  a  hollow  spur  with  the 
nectar  at  its  inner  end.  This  deepening  of  the  nectary  excludes 
short-lipped  insects  and  removes  the  flower  from  the  first  to  the 
socoiid  or  bee  class. 


I 
I 

I 

I 


I 


I 

/ 
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XIX. — On  Algin — a  new  Substance  obtained  from  some  of  th^ 
commoner  Species  of  Marine  Algce,  By  Edw.  C.  C.  Stanford, 
F.C.S.,  Vice-President. 


[Read  before  the  Chemical  Section,  2iid  April,  1883.] 


The  utilization  of  hitherto  waste  materials  presents  a  large  field 
for  chemical  investigation,  and  many  important  industrifes  have 
within  the  last  twenty  years  resulted  from  such  researches. 

There  are  few  materials  so  abundant,  so  general,  and  so  easily 
obtained  as  the  commoner  kinds  of  sea-weed  thrown  up  on  all  our 
coasts,  but  especially  on  those  exposed  to  the  waves  and  storms  of 
the  Atlantic.  The  species  I  refer  to — the  laminaria  and  f uci — are 
found  growing  on  all  rocky  shores.  And  it  may  also  be  remarked 
that,  except  as  manure,  the  gi'eat  bulk  of  this  material  has  been  long 
practically  unutilized.  It  is  time  that,  when  burnt  into  the  rough 
slag  known  as  kelp,  this  material  was  formerly  the  means  of  securing 
large  revenues  to  the  proprietors  of  the  Westeni  Islands.  For 
several  well-known  reasons,  that  manufactm*e  has  long  ceased  to  be 
profitable,  and  it  never  could  have  been  considered  as  utilizing  the 
sea-weed,  except  in  the  sense  that  burning  down  a  forest  could  be 
called  utilizing  it,  when  it  ought  to  be  cut  into  timber  and  really 
iitilized  in  building  houses  or  making  furnitui-e. 

In  1862  the  writer  introduced  a  method  of  carbonizing  the  sea- 
weed in  retorts,  and  thus  converting  the  material  into  charcoal 
instead  of  kelp,  and  preventing  the  great  loss  of  iodine  arising  from 
open-air  burning.  This  was  simply  another  step  of  improvement, 
and  comparing  it  again  with  the  forest,  was  merely  equal  to  making 
the  timber  into  charcoal  instead  of  burning  it  into  ash.  It  is  not, 
in  a  i)roper  and  fuller  sense,  utilizing  the  sea-weed.  The  i-esults  of 
further  attempts  in  this  direction  form  the  subject  of  this  paper. 
When  we  remark  that  the  present  wide-spread  destitution  and  want 
of  employment  amongst  the  poor  cottars  is  most  severe  in  just  those 
districts  in  Ireland  and  the  Highlands  where  this  material  is  most 
Vol.  XIV.  Q 
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abundant,  the  importance  of  this  inquiry  will  be  at  once  seen. 
Indeed,  if  a  remunerative  price  can  be  paid  for  a  waste  material 
that  eveiy  child  in  a  large  family  can  easily  assist  in  collecting  at 
their  own  doors,  it  would  go  far  to  settle  many  existing  difficulties, 
of  which  the  worst  is  always  hunger.  And  this  brings  me  to 
mention  the  value  of  the  algse  as  a  food  material.  In  my  jmper, 
read  before  the  Society  of  Arts  in  1862,  on  "  The  Economic  Appli- 
cations of  Sea- weed,'*  the  various  kinds  so  used  wei-e  described,  and 
I  have  called  attention  more  recently,  in  a  paper  read  before  the 
Chemical  Society,  to  the  fact  that  the  analysis  of  the  cliarcoal 
obtained  from  the  various  algae  approximates  more  nearly  to  that 
of  a  product  of  the  animal  than  of  the  vegetable  kingdom.  I 
believe  the  algse  genei'ally  to  be  quite  as  valuable  food  products 
as  the  fungi,  with  the  advantage  that  we  ai-e  unaware  of  any 
poisonous  species.  Both  are,  however,  equally  neglected  in  this 
country.  As  the  edible  fungi  ai-e  much  consumed  by  other  Euro- 
pean nations,  so  the  edible  algsa  are  largely  enjoyed  and  realise  a 
high  price  in  China  and  Japan.  A  sample  of  one  of  the  J apanese 
varieties  before  us  yielded  on  analysis  a  composition  closely  similar 
to  our  laminaria.  It  has,  however,  evidently  been  cut  up,  and 
presents  the  appearance  of  long  shreds,  and  is  coloured  green  by 
the  action  of  an  alkali.  The  poor  people  in  Donegal  are  now  eating 
the  Fucus  vesiculosus  with  Indian  meal,  and  it  is  a  common  thing 
to  see  the  Highland  cattle  browsing  on  this  plant  at  low  tide.  The 
Aliaria  esculenta  or  murlins,  of  which  a  fine  sjMJcimen  is  on  the 
table,  may  be  called  our  edible  species,  but  the  Rhodomenia  palmata, 
or  dulse,  is  perhaps  better  known  in  Glasgow,  being  regularly 
sold  on  the  streets. 

The  most  important  species  consumed  in  this  country  is  the 
Chondrus  crispus  or  Irish  moss.  This  plant  contains  79  per  cent, 
of  caragheenin,  a  substance  of  great  gelatizing  power,  and  largely 
used  in  jellies  and  puddings.  Tliis  sea- weed  would,  no  doubt, 
secure  a  considerable  market  as  a  size  for  fabrics,  but  it  cannot  be 
obtained  in  any  great  quantity.  It  is  only  uncovered  at  low  spring- 
tides, and  any  veiy  large  demand  would  soon  exhaust  the  supplies. 
A  i-ecent  application  of  Irish  moss  is  being  worked  by  a  limited 
company  under  the  name  of  Yelo-plastic,  which  is  said  to  be  made 
of  refuse  leather,  dried  and  finely  ground  and  mixed  with  cara- 
gheenin. I  am  indebted  to  Mr.  John  A  Walker,  of  Dublin,  for 
specimens  of  green  and  yellow  morocco,  poplin,  and  satin  damask^ 
and  watered  silk,  all  of  which  appear  to  be  most  successful 
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imitations.  The  new  substance  to  be  described  in  this  paper  would 
probably  answer  equally  well  for  this  application. 

Another  still  more  powerful  gelatizing  substance  is  gelose. 
This  was  firet  imported  into  France  from  China  in  1856.  It  has 
ten  times  the  gelatizing  power  of  isinglass,  and  will  set  into  a  jelly 
500  times  its  weight  of  water.  It  is  not  nitrogenous,  and  contains — 
carbon,  42-8;  hydrogen,  5*8;  oxygen,  51*4.  It  has  not  superseded 
isinglass  for  jellies,  as  the  fusing  point  of  the  jelly  is  too  high  to 
melt  in  the  mouth.  I  found  some  years  ago,  in  experiments  on 
every  variety  of  sea-weed  that  could  be  procured,  that  tliis  gela- 
tizing principle  was  confined  to  two  British  species — the  Chondrus 
crispus  and  the  Gelideum  corneum.  An  Australian  alga,  the 
Euchemia  spinosa,  or  agar  agar,  is  also  a  jelly-yielding  sj^ecies. 
Sevei-al  articles  have  recently  been  introduced  under  various  names, 
such  as  thao,  fucyne,  kc,  all  of  which  appear  to  be  niodihcations 
of,  or  products  from,  these  plants. 

The  application  of  sea-weed  as  manure  is  very  general  where  it 
can  be  obtained.  In  fact,  the  practical  value  placed  on  it  is  far 
above  its  actual  chemical  valuation.  It  usually  contains  80  per 
cent,  of  water,  so  that  four  tons  of  water  are  carted  to  the  land  for 
every  ton  of  dry  sea-weed,  and  even  wlien  dried  there  is  not  a  large 
saving  in  carriage,  as  it  is  then  very  bulky.  It  is,  however,  carried 
long  distances  in  some  places,  and  there  is  no  doubt  that  it  is  very 
valuable  on  soils  that  are  all  sand;  but  it  is  more  of  a  mechanical 
value,  as  its  use  is  not  to  manure  but  to  make  the  soil — a  rather 
expensive  manufacture.  Kelp  waste— -a  ton  of  which,  dry, 
represents  40  tons  of  wet  sea-weed,  and  contains  all  the  phosphates 
of  the  weed  in  a  convenient  form — is  absolutely  unsaleable  to 
farmers  in  this  country  at  any  price. 

The  only  other  important  proposed  application  of  sea-weed  has 
been  to  the  manufacture  of  paper,  and  about  20  years  ago  sevei-al 
patents  were  taken  out  with  this  object,  and  some  specimens  were 
exhibited  at  the  Society  of  Arts  on  the  occasion  before  referred  to. 
They  were  all  made,  however,  from  the  Zostera  marina,  or  grass 
wrack — a  marine  plant  with  flowers  gi'owing  in  the  sea,  but  not  one 
of  the  algse — and  this  plant  makes  a  very  good  paper.  It  created  a 
good  deal  of  attention  at  that  time,  having  been  proposed  as  a 
substitute  for  cotton  during  the  cotton  famine.  It  is  not,  however, 
available  in  large  quantity,  and  contains  very  little  fibre.  The  algse 
generally  contain  no  fibre,  but,  as  far  as  my  experiments  have  gone, 
nearly  every  species  yields  a  very  pure  cellulose,  which  makes  a 
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tough,  rather  transparent  paper.  The  tissue  of  the  plant  consists 
of  simple  cells  of  various  shapes  laid  end  to  end,  and  in  the  fuci 
containing  a  dark  pigment.  This  cellulose  fabric,  which  forms  the 
paper  material,  amounts,  when  quite  dry,  to  10  per  cent  of  the  air- 
dry  plant.  In  working  on  the  fuci  and  the  laminarise  my  attempts 
to  make  a  paper  pulp  were  much  impeded  by  a  peculiar  substance 
common  to  both  these  species,  which  was  found  at  first  difficult  to 
remove,  and  the  presence  of  which  rendered  the  paper  brittle.  In 
fact,  this  appeared  to  be  always  the  case  unless  the  cellulose  was 
obtained  quite  pure.  This  substance  is  present  in  large  quantity, 
and  forms  the  bulk  of  the  plant  after  the  salts  are  removed. 

Any  one  observing  the  long  flat  fronds  of  the  laminaria  lying  on 
the  sea  shore  must  have  noticed  two  things — 1st,  that  these  are  easily 
bleached  by  exposure  to  light;  2nd,  that,  after  exposure  to  rain,  the 
fronds  contain  in  their  interior  sacs  of  fluid.  These  are  derived  from 
the  endosmosis  of  the  water  through  the  outside  membranes,  dis- 
solving a  i>eculiar  glutinous  principle.  Upon  opening  one  of  these 
sacs,  a  neutral  glairy,  almost  colourless,  liquid  escapes.  Sometimes 
it  may  be  seen  partially  evaporated  on  the  surface  of  the  frond  as 
a  jelly-like  substance,  which  may  be  drawn  out  by  the  fingers  in 
long,  tenacious  strings.  This  fluid  contains  a  unique  substance  of 
remarkable  properties,  and  to  which,  from  its  source,  I  have  given 
the  name  of  algin.  The  vesicles  are  only  seen  in  the  long  fronds 
of  the  various  laminaria,  especially  L.  stenophylla,  known  in  the 
Highlands  as  bar-darrig,  or  red-top.  The  large  stems  or  tangle, 
and  the  fuci,  although  containing  it  in  considerable  quantity,  do 
not  exhibit  this  appeamnce. 

If  the  liquid  be  evaporated  to  dryness,  the  scales  so  produced  re- 
semble albumen,  and  are  not  all  soluble  in  water,  but  very  soluble 
on  the  addition  of  a  little  alkali  Several  other  instances  of  the 
solubility  of  substances  when  endosmosed  or  dialysed  are  well 
known.  The  fluid  thus  naturally  obtained  is  miscible  with  water, 
but  coagulated  by  alcohol  and  by  mineral  acids.  It  cannot  be  ob- 
tained in  sufficient  quantity  for  exhaustive  analysis,  but  it  contains 
calcium,  magnesium,  and  sodium,  in  small  quantity,  in  combination 
with  algin.  If  the  laminaria  fronds  are  cut  up  and  macerated  in 
dilute  hydrochloric  acid,  the  liquid  in  the  vesicles  assumes  the 
form  of  a  colourless,  insoluble  jelly.  If  the  laminaria  fronds  are 
immersed  in  water  containing  a  little  alkali — by  preference  sodium 
carbonate — the  whole  plant  becomes  disintegrated,  and  presents  a 
gelatinous  mass,  consisting  of  a  thick,  glutinous,  gummy  liquid, 
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containing  the  cellular  fabric  of  the  plant  completely  broken  up. 
This  occurs  in  24  hours  iu  the  cold.  The  mass,  although  it  only 
contains  2  per  cent,  of  the  algin,  is  so  glutinous  that  it  cannot  be 
poured  out  of  the  bottle.  It  Ls  very  difficult  to  deal  with,  on 
account  of  its  extraordinary  thickness.  In  fact,  as  it  is,  no 
method  of  filtration  is  possible  (all  known  methods,  with  and 
without  pressure,  have  been  tried).  Tlio  cells  to  be  removed  are 
so  minute  that,  if  pressure  be  applied,  the  whole  mass  passes 
through  any  filter  or  not  at  all.  By  cautiously  heating  the  mass, 
it  can,  however,  be  filtered.  The  medium  employed  is  a  coarse 
linen  sacking  in  the  form  of  a  Taylor's  filter.  The  cellulose  is 
left  behind  as  a  gelatinous  mass,  amounting,  when  dry,  to  about 
10  per  cent,  of  the  air-dried  plant. 

The  algin  solution  is  then  evaporated  in  a  somewhat  similar 
manner  to  gelatin,  and,  when  dry,  presents  an  appearance  which 
is  not  unlike  gum-tragacanth ;  but  it  may  also  be  obtained  in  thin 
transparent  flexible  sheets.  The  solution  is  slightly  alkaline;  but 
care  must  be  taken  that  no  great  excess  of  sodium  carbonate  is 
present,  or  the  solution  decomposes,  and  in  a  week,  if  dilute,  becomes 
quite  thin,  and  contains  no  algin.  This  action  of  the  alkali  I  cannot 
yet  clearly  explain.  The  solution  can  be  neutralised  by  the  care- 
ful addition  of  hydrochloric  acid  without  gelatinizing;  but  an 
excess  at  once  precipitates  it.  A  solution  of  only  2  per  cent, 
becomes  semi-solid,  treated  in  this  way.  The  following  reactions 
are  obtained  with  various  reagents.  For  some  of  these  the  solu- 
tion must  be  carefully  neutralised  with  acetic  acid,  which  does  not 
gelatinize  it. 

Dilute  hydrochloric,  nitric,  sulphuric,  sulphurous,  phosphoric, 
and  mineral  acids  generally,  coagulate  it.  Bomcic  acid  has  no 
effect. 

Lime  water,  baryta  water,  and  salts  of  calcium,  barium,  and 
strontium,  give  white  precipitates. 

Salts  of  magnesium  do  not  affect  it.  Acetic,  formic,  citric,  tar- 
taric, and  benzoic  acids  do  not  aftect  it. 

It  is  precipitated  by  alcohol. 

Perchloride  of  iron  gives  a  dark  brown  coagulum. 

Salts  of  copper,  zinc,  aluminium,  tin,  antimony,  cobalt,  and  nickel, 
all  precipitate  it. 

Protonitrate  of  mercury  forms  a  white  precipitate,  but  bichloiide 
of  mercury  and  silver  nitrate  have  no  effect. 

Acetate  and  subacetate  of  lead  both  give  white  precipitates. 
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^  Potassium  silicate  and  bichromate,  sodium  biborate*  and 
potassium  ferro-cyanide,  permianganate,  sodium  tungstate,  staunate, 
and  succinate  do  not  affect  it.  No  precipitate  is  pix)duced  by 
tamiin. 

Concentrated  sulphuric  acid  dissolves  it ;  concentrated  nitric 
acid  converts  it  into  oxidation  products,  amongst  which  are  oxalic 
acid,  of  which  a  specimen  from  this  source  is  exhibited. 

It  is  distinguished  from  albumen  by  not  coagulating  on  heating, 
and  by  not  precipitating  silver  nitrate — from  gelose  by  not  gela- 
tinizing on  cooling,  and  by  containing  nitrogen,  which  gelose  does 
not;  and  being  soluble  in  cold,  weak,  alkaline  solutions,  which 
gelose  is  not ;  and  being  insoluble  in  boiling  water,  in  which  gelose 
is  soluble.  The  laminaria  has  been  boiled  in  water  for  a  month 
without  effecting  any  solution,  and  for  a  week  under  40  lbs.  pressure 
with  a  similar  result. 

It  is  distinguished  fi'om  gelatine  by  not  giving  any  reaction 
with  tannin — fi'om  starch  by  giving  no  reaction  with  iodine  ; 
from  dextrine,  gum-arabic,  gum  tragacanth  and  i)ectin,  by  its 
insolubility  in  dilute  alcohol  and  in  dilute  mineral  acids. 

I  notice  as  particularly  remarkable  that  it  should  precipitate  all 
the  salts  of  the  alkaline  earths  except  those  of  magnesium,  and 
most  of  the  metals  except  silver  and  mercury,  and  with  regard  to 
the  latter  that  it  should  precipitate  the  protonitrate  but  not  the 
bichloride ;  and  that  it  gives  no  precipitate  with  potassium  silicate. 

The  gelatinous  precipitate  produced  by  a  mineral  acid  repre- 
sents the  algin  in  its  pure  insoluble  form.  It  dries  up  to  a 
hard,  homy  substance.  The  specimen  shown  can  scarcely  be 
distinguished  from  horn.  I  have  not  yet  succeeded  in  getting  it 
pure  and  definite  enough  to  be  certain  of  its  composition ;  but 
I  am  indebted  to  Professor  Ferguson  for  a  combustion  of  the  soda 
compoimd.  This  had  been  carefully  dialysed  to  avoid  the  presence 
of  excess  of  alkali,  and  gave  the  following  numbers : — 

Carbon,    35*65 

Hydrogen,   4*40 

Nitrogen,   303 

Oxygen,    37*23 

Ash,    19*69 

100*00 


*  It  can  be  extracted  by  a  solution  of  borax. 
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This  gives  the  following  composition  for  the  algin.  I  have 
appended  also  that  of  gelatin,  isinglass,  gelose,  and  chitin.  In 
nitrogen  it  is  intermediate  between  gelose  and  gelatin,  but  it 
approaches  nearer  to  chitin  than  any  other  substance.  Fremy, 
however,  denies  the  presence  of  nitrogen  in  this  substance.  It 
differs  entirely  from  algin  in  being  insoluble  in  alkalies. 


'  CarboD,  ... 

I  Hydrogeu, 

I  Nitrogen, 

I  Oxygen, 


Algin. 

Gelatin. 

li-inglass. 

Gclose. 

Chitin. 

44-39 

500 

501 

42-77 

4GG4 

5-47 

6-5 

GO 

5-77 

6-60 

3-77 

17-5 

18-3  1 

6-56 

4G-37 

2G-0 

25  0 

51  A{y 

40-20 

100  00 

100  0 

1000 

100  00 

100  00 

(Sulphur,  -12.) 

The  percentage  of  ash  in  the  soda  compound  does  not  materially 
vary.  The  two  following  were  made — one  with  sodium  hydrate, 
and  the  other  with  sodium  carbonate — and  yielde<l  almost  the 
same  amount  of  ash  : — 


Sodium  hydrate — percentage  of  ash, 
Sodium  carbonate  do. , 

Mean,  ... 


31-51 
31-37 

31-44 


Although  I  believe  the  composition  to  bo  stated  correctly,  I  cannot 
construct  a  formula  from  these  figures;  and  all  attempts  to  procure 
definite  compounds  for  analysis  have  as  yet  been  unsuccessful.  The 
following  salts  have  been  prepared  and  investigated  with  thi 
view : — Compounds  with  calcium,  aluminium,  bai-ium,  and  lead — 
but  the  results  have  not  been  uniform  enough  to  show  that  we 
have  been  examining  definite  compounds. 

The  sodium  carbonate  appears  to  be  unaltered  in  the  compound, 
but  completely  masked.  The  carbonic  acid  comes  off  only  when 
acidified  with  an  excess  of  hydrochloric  acid,  and  heated. 

The  acid  has  also  some  decomposing  effect,  and  produces  a  small 
quantity  of  a  substance  which  precipitates  Fehling's  solution, 
but  does  not  appear  to  be  glucose. 

A  solution,  1000  grs.  measure,  containing  13-2  gis.  of  algin. 
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was  precipitated  by  standard  sulphuric  acid,  and  i-edissolved  by 
standard  sodium  hydrate,  six  times  in  succession. 

1st  precipitation  took  of  sulphuric  acid  (8O3),  grains,      ...  5*430 


2nd  M                                                   ..         ...  4-070 

3rd  .,                                                   M         ...  3-080 

4th  .,         ...  1-975 

5th  ..                                ..                   ..         ...  0-617 

6th  „                                                 „         ...  0-617 

Ist  resolution  took  of  soda  (Na,0),  grains,  ...    3*778 

2nd      ,.                        ..             ..    2-871 

3rd       ,.                          ,.    2  •052 

4th       ,.                                       n    1-530 

5th       ,.                         ,.    0-670 

6th       ..                          M    0-478 


As  the  precipitate  is  not  soluble  in  sodium  sulphate,  there 
appears  to  be  some  decomposition  continually  going  on,  and  this 
has  not  yet  been  sufficiently  investigated  to  enable  me  to  ascertain 
jblie  exact  action  of  the  hydrochloric  acid. 

The  process  proposed  to  deal  with  the  sea-weed  is  first  of  all  to 
wash  out  the  salts  by  simple  maceration  in  cold  water.  This  Ls 
very  easily  done,  the  salts  being  almost  entirely  removed,  even 
by  two  macerations.  On  account  of  the  bulk  of  the  material  it  is, 
however,  advisable  to  wash  a  number  of  vats  exhaustively  in  turns, 
in  the  usual  manner  of  lixiviation  common  in  alkali  works.  The 
water  removes  about  a  thii-d  of  the  weight  of  the  sea-weed,  and 
when  evaporated  to  dryness  presents  a  treacly  mass  containing 
the  salts  and  a  considerable  quantity  of  a  saccharine  matter  which 
resembles  mannite,  but  which  precipitates  Fchling's  solution  equal 
to  15  per  cent,  of  glucose.  It  is,  however,  unferntentable,  and 
I  have  not  yet  succeeded  in  getting  it  pure  enough  for  analysis,  on 
account  of  the  great  difficulty  of  separating  it  from  the  alkaline 
chlorides  which  are  soluble  in  alcohol.  By  the  use  of  sulphate  of 
silver  I  have  separated  a  small  quantity,  but  still  not  sufficiently 
pure.  If  this  can  be  separated  commercially,  and  is  a  sugar  having 
sweetness  l>ut  unfermentablc,  it  would  be  available  for  replacing 
glycerine  in  some  of  its  applications.  Until,  however,  more  is 
known  of  its  properties  it  must  be  sacrificed  by  carbonizing  the  salts, 
the  charcoal,  of  which  it  yields  about  50  per  cent.,  being  then 
treated  in  the  usual  manner  for  separating  the  iodine  and  salts. 
The  salts  vary  from  35  to  55  per  cent,  of  the  whole;  or  12  to  18 
per  cent,  of  the  oiiginal  air-dry  weed  in  the  laminaria.    This  is 
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more  than  is  obtained  by  burning  the  weed  into  ash,  wliich  does 
not^  as  a  rule,  yield  more  than  10  per  cent,  of  salts  on  the  air-dried 
weed. 

It  is  interesting  to  notice  the  way  in  which  these  salts  come 
out,  and  analyses  have  been  made  with  this  view.  The  results 
are  shown  in  the  following  tables: — Calcium  sulphate  and  mag- 
nesium chloride  are  both  present  in  the  aqueous  solution  of  the 
laminaria  and  in  the  residue  of  the  fuci — carbonates  generally  in 
the  salts  of  the  fuci  and  the  residue  of  the  laminaria.  In  the 
latter,  which  is  always  submerged,  the  relation  of  the  magnesium 
to  the  calcium  is  singularly  like  that  existing  in  sea  water. 

Within  certain  limits  the  composition  of  the  salts  differ  con- 
siderably, the  age  of  the  plant  and  the  time  of  gathering  both 
affecting  it. 

The  following  samples  are  from  a  considerable  bulk  of  mixed 
salte  evapomted : — 


Calcium  sulphate,    1-69    4*33 

Potassium  sulphate,    11-29    23*62 

Potassium  chloride,    19*90    13*71 

Sodium  chloride,    (50*96    58*20 

Magnesium  chloride,    4*35    — 

Sodium  carbonate,    o'S    — 

Sodium  iodide,   1*26    *12 


In  the  following  tables  the  composition  of  the  salts  are  shown 
as  they  come  out  in  six  successive  macerations  in  cold  water. 

The  residues  are  always  carbonized,  and  then  washed  and  again 
ignited — that  being  the  only  way  to  insure  perfect  combustion  in 
the  presence  of  such  an  excess  of  saline  constituents. 

Laminaria  Stenophylla— -Air-dried,  Containing  14*8  Moisture. 
4  oz.  =  1750  grains.    Six  macerations  in  cold  water— all  evaporated,  and 
residues  weighed. 


ANALYSES  OF  THE  SALTS. 
Laminaria  Stenopiiylla.  1 


Fucus  Vesiculosus. 


99*98 


99*98 


Grs. 


Per  cent. 


Grs.  Per  cent. 
499   =  28*5 

77-2=  4-4 

39*7=  2*26 


1st  water- weight  of  residue,  . . .  288  . . . 
2nd  „       ...    211  ... 


16-45 
12  05 
2*28 
212 
1*20 
1-06 


3rd        ,.  „       ...  40 


U&U  II  II  ...  TSV 

4th  I,  I,  ..  37-2  ... 

5th  ,1  M  ...  21*1  ... 

6th  I,  i.  ...  18*6  ... 


615*9  =  35*16  per  cent. 


250 


Philosophical  Societi/  of  Glasgow. 


I 


8 


Volatile  matter, 

Salts,   

Fixed  carbon,  

Ash,  


23-4 
671 
3-91 
5-59 
100  0 


28-0 
601 


29-3 
55-5 


400 
40-0 


54-5  I  691 
31-8  22-5 


I 


4-97     4  1  I     4-56  2-23, 

I 

6-93i    nil    15-44    11-4  ' 


961 
7-44' 


100  0    100  0    100  0    100  0  100-0 


Composition  of  Salts. 

Calcium  sulphate, ... 
Potassium  sulphate, 
Potassium  chloride. 
Sodium  chloride,    . . . 
Sodium  iodide. 
Sodium  carbonate, ... 
Magnesium  chloride, 


!  2-91 
7-53 
34  05 


1-02  Kil. 


Nil. 


45-55    53  00 
1-95  '  1-58 
Nil. 
8-55 


10  08  19-48  20-80 
30-95  24-81  23-78 
53-57  1  51-04 
2  00  I  1-25 
Nil.  I  Trace. ;   3  30 

I 

3-40   Trace.  ■  Trace. ' 


NU.  Nil 
Trace.  I  Trace. 


100-54  100-03  !  99-86  !l0017 


Laminaria  Stexophylla— Air-dried. 
Calculated  percentage  on  Onginal  Weed. 


Per  cent. 

Volatile. 

Snlts. 

Curbon. 

AkIi. 

Ist  Water,   

16-45 

3-85 

1104 

0-64 

0  92 

2nd  n   

1205 

3-35 

7-26 

0-60 

0-84 

3rd  M   

2-28 

0-68  1 

1-26 

0-09 

0-25 

4th   

212 

0-86  ' 

-85 

009 

032 

6th   

1-20 

0-656 

•38 

0027 

0137 

6th   

1-06 

0-732  ' 

•24 

0-010 

0  078 

35  16 

10-128 

21  03 

1457 

2  546 
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1 

2         :i  4 

5 

c 

Tctnl. 

Calcium  sulphate, 

.  0-321 

0  074, 

Nil. 

Nil. 

Nil. 

Nil. 

yj  ouo 

PotaBsium  sulphate, .. 

.  I  0-831 

1 

0-73l' 

0-245 

0-177 

Trace. 

Trace. 

1-984 

Potassium  chloride,  . . 

.  i  3-759 

2-247 

0-312 

0-202 

6-520 

Sodium  chloride. 

.  1  4-970 

3-846 

0-678 

0-432 

9-926 

Sodium  iodide,  .. 

.  0-215 

0-115! 

0-025 

0-011 

0-366 

Sodium  carbonate,    . . 

.  Nil. 

Nil. 

Trace. 

0-028 

0  028 

Magnesium  chloride, . . 

.  j  0-944 

0-247 

Trace. 

Trace. 

II 

1191 

jll040 

7-200 

1-260 

0-850 

0-38 

0-24 

21  030 

Laminaria  Stexophylla— Air- dried. 


Volatile  matter, 
Charcoal,  ... 


Salts, 

Fixed  carbon. 
Ash, 


Potassium  sulphate. 
Potassium  chloride. 
Potassium  carbonate, 
Sodium  carbonate, 
Sodium  iodide,  ... 
Alkaline  earths,  ... 


Charcoal. 


Salts. 


per  cent. 

Calculated  on 

original  weed 

per  cent. 

74-2 

371 

25-8 

129 

1000 

50-0 

180 

2-32 

507 

655 

31-3 

403 

100-0 

12-90 

35-27 

•818 

6-72 

•156 

500 

-116 

49-97 

1109 

2-63 

•061 

Nil. 

Nil. 

99-49 

2  3-20 

Frcus  Vmiculosus— Dried. 
Coyitaiuiny  2*11  per  rent.  Moisture. 


residues  weigher 


r 


CJrs. 


Ist  water-weight  of  residue,  174*5 
2nd        II  II  430 


3rd 
4th 
5th 
6th 


11-2 
615 
Trace. 
Trace. 


=  9-451 
-  2  -45) 
0.04  )  _  Q 
0-35  - 


Per  cent. 
11-90 


234'85 


=  12-89 
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1 

2 

3 

4 

Volatile  matter,  &c  

37-78 

68-4 

47-48 

62-86 

Salts,  

49  03 

27-62 

29-22 

25-71 

Fixed  carbon,  

8-09 

117 

3-78 

•74 

Ash,   

610 

2-81 

19-52 

10-69 

100  00 

100  00 

100  00 

100  00 

Salts. 

1 

•2 

Potassium  sulphate,  ^   

27-25 

48-19 

Trace. 

Trace. 

Sodium  sulphate,   

4-03 

•57 

II 

Sodium  chloride. 

61-50 

37-62 

II 

II 

Sodium  iodide,  

•026 

•02 

II 

II 

Sodium  carbonate,  

7-42 

13-36 

II 

1  100-226 

99-76 

II 

II 

♦  Fucus  Vesiculosus— Dried. 
Calculated  on  original  Weed. 


Percent. 

Volatile. 

Salts. 

Carbon. 

Ash. 

Ist  Water,   

9-45 

3-58 

4-63 

0-76 

0-48 

2nd  „   

2-45 

1^68 

0-67 

0-03 

007 

3rd  .,   

064 

0-304 

0  187 

0024 

i  0125 

4th  „   

0-35 

0221 

0-089 

0  003 

0-037 

6th,  Trace,   

- 

- 

6th,  Trace,   

- 

- 



12-890 

6-785 

5-576 

0-817 

;  0-712 

1 

*  This  specimen  was  abnormally  low  in  Salts. 
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Total. 


Potassium  sulphate, 
Sodium  sulphate, 
i   Sodium  chloride, 
•   Sodium  iodide, 
Sodium  carbonate, 


1-262 

0-343 

Trace 

Trace 

1-605 

0186 

'0-004 

ft 

»» 

•190 

2-8378 

0-2337 

it 

30716 

0  0012 

1  0  00013 

•00133 

0-343 

0  0895 

•4326 

4-630 

0-6700 

0-187 

0  089 

5-676 

Residual  Weed— Fucus  Vesiculosus. 


Volatile  matter, 
Charcoal, ... 


Salts, 

Fixed  carbon. 
Ash, 


Potassium  sulphate. 
Sodium  sulphate, 
Calcinm  sulphate, 
Magnesium  sulphate, 
Magnesium  chloride, 
Sodium  carbonate, 
Sodium  iodide,  . . . 


CUARCOAL. 


Salts. 


per  cent. 

Calculated  on 

ori^nal  weed. 

65-66 

55-81 

34-35 

2919 

100  00 

85-00 

18-63 

5-24 

58-53 

17-53 

22-84 

6-42 

'100  00 

29-19 

29-41 

1-5420 

47-58 

2-5030 

9-34 

0-4760 

11-76 

0-6160 

1-30 

0-0680 

•45 

00235 

•22 

0-0115 

100-06 

52400 

After  the  salts  have  been  removed,  the  weed  is  bleached  by  a 
weak  solution  of  chlorinated  lime,  about  2°  Twad.  The  laminaria 
bleaches  easily  in  a  few  hours,  but  the  fuci  require  prolonged 
and  repeated  treatment  I  would  call  attention  to  the  extreme 
beauty  of  some  of  the  algaj  before  you  when  thus  bleached;  even 
in  the  common  fucus  vesiculosus,  or  black  wrack,  you  can  trace  the 
spores  in  the  cells  and  the  lining  of  the  air-vessels.    The  specimen 
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of  Sargassum  baccifenim  (gulf  weed)  is  beautifully  transparent 
Other  specimens  shown  are  Laminaria  digitata,  stems  and  fronds, 
the  former  looking  like  sticks  of  ivor}',  L.  stenophylla,  Fucus  nodosus, 
F.  serratus,  Aliaria  esculenta,  Halidrys  siliquosa,  Rhodomenia 
palmata,  Rhodomela  pinnastroidcs,  Zostera  marina,  Enteromorplia 
compressa,  kc.  When  sufficiently  white,  the  weed  is  soured  by  a 
very  weak  solution  of  sulphuric  or  hydrochloric  acid,  and  well 
washed.  If  the  acid  be  added  with  the  bleach  the  action  is  quicker. 
It  is  then  acted  on  in  the  cold  by  about  a  tenth  of  its  weight  of 
sodium  carbonate  for  24  hours,  then  heated,  filtei-ed,  and  evaporated. 
The  residual  cellulose  is  pressed  into  cakes  for  use  as  a  paper  material. 
It  is  already  bleached,  and  has  only  to  be  put  at  once  into  the  paper 
beater.  There  are  plenty  of  fibrous  materials  in  the"  market,  but 
there  is  no  real  substitute  for  rags,  as,  I  believe,  this  will  to  a 
great  extent  prove  to  be. 

The  whole  of  the  plant  is  thus  accounted  for ;  in  the  laminaria, 
the  average  yield  is  as  follows: — 

On  the  air-dried  plant— 


This  plant  is  the  only  one  now  employed  in  making  kelp ;  the 
least  exposure  to  rain  washes  out  the  salts,  and  renders  it  useless 
for  this  purpose.  It  does  not,  however,  interfere  with  its  use  for 
extracting  the  A  Igin,  which  is  insoluble  in  water.  For  this  puqiose, 
if  the  salts  are  sacrificed,  it  is  improved  by  exposure  to  rain  and 
light.  The  wet  weed,  however,  kee|)s  perfectly  well  if  access  of  air 
be  prevented,  for  instance  in  a  properly  constructed  "  Silo,"  and 
there  is  no  reason  that  any  of  it  should  be  lost. 


Algin  has  properties  which  should  make  it  useful  for 
several  applications  in  the  soluble  form.  As  a  sttSener  of  fabrics, 
although  not  so  rigid  as  starch,  it  fills  the  cloth  better,  is  tougher, 
more  elastic,  and  more  tituispai'ent    It  mixes  in  all  proportions 


Extracted  by  water,  

Extracted  by  acid,   

Extracted  by  Sodium  Carbonate  =  Algiii,  . . . 

Cellulose,   

Moisture,     


5 

10 
20 


100 
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with  starch  and  dextrine,  and  impai-ts  to  the  mixture  these  pro- 
perties. Unbleached,  it  fomis  a  cheap  material  for  dressing 
winseys  and  such  dark  goods.  Passed  through  an  acid  bath,  the 
coating  becomes  glossy  and  insoluble,  and  thus  a  vegetable  mor- 
dant is  available  for  dyeing.  Lime-water,  and  salts  of  calcium, 
barium,  and  several  metallic  salts,  may  be  employed  for  a  similar 
puqx)se ;  one  of  its  i)eculiarities  beuig  the  case  with  which  it  is 
rendered  insoluble. 

I  shall  only  just  refer  to  its  probable  value  as  a  food  material 
on  account  of  its  nitrogenous  character,  as  I  have  no  edible  speci- 
mens on  the  table  which  can  be  passed  round  for  immediate 
consumption.  As  a  cattle  food  there  is  a  large  opening  for  such 
a  material.  The  agglutinating  power  of  algin  enables  us  to  con- 
vert into  solid  blocks  many  substances  which  are  with  difficulty 
made  to  cohere.  Silica,  lime,  magnesia,  oxide  of  zinc,  phosphate 
of  lime,  alumina,  chalk,  plumbago,  charcoal,  and  many  other  such 
substances  can  be  convei-ted  into  solid  hard  blocks.  All  of  these  and 
many  moi-e  arc  exhibited.  Some  of  these  compounds  may  be  made 
by  mixing  the  algin  with  a  solution,  where  both  form  a  joint  pre- 
cipitate with  another  solution — e.g,^  sodium  silicate,  and  calcium 
chloride.  One  application  of  this  agglutinating  character  has 
already  assumed  importance.  Charcoal  has  been  long  known  as  our 
best  solid  non-conductor  of  heat,  and  no  doubt  it  would  have  been 
employed  long  ago  as  a  covering  for  our  steam-boilers,  had  any 
medium  V>een  known  capable  of  agglutmating  it.  That  is  now 
attained  by  this  substance.  My  "  carbon  cement,"*  for  this 
purpose,  contains  97  per  cent,  of  charcoal,  3  per  cent,  of  algin 
being  sufficient  to  make  it  cohere ;  and  as  that  charcoal  is  made 
from  sea-weed,  it  is  a  remarkable  fact  that  the  whole  covering 
is  derived  from  that  material.  My  friend,  Mr.  Spiller,  a  high 
authority  on  the  subject,  ha«  also  found  the  solution  of  algin 
the  best  thing  yet  discovered  for  arresting  incrustation  in  steam- 
boilers.  We  ai*e  not  much  troubled  with  this  in  Glasgow,  but 
in  the  south,  where  the  waters  are  hard,  many  such  lluids  are 
employed.  Most  of  these  are  organic  compounds  combined  with 
alkalies.  One  of  the  earliest  and  best  was  introduced  some  yeai-s 
ago  by  Mr.  Spiller  himself,  and  1  am  entirely  indebted  to  him  for 


*  Carbon  cement  forms  a  very  light,  inodorous,  and  cheap  material  for 
covering  steam-boilers.  Over  20,000  square  feet  have  already  l)ccn  applied 
to  boilers  and  piping. 
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suggesting  the  application  of  algin  to  this  purpose.  He  speaks  of 
it  as  highly  efficient  in  precipitating  the  lime  in  such  a  fine  state 
of  division  that  it  can  easily  be  blown  off  from  the  cock.  So  that 
we  now  propose  seaweed  in  one  form  or  other  as  a  most  com- 
fortable internal  and  external  application  to  our  steam-boilers. 
In  fact,  several  large  steamers  are  already  ploughing  the  ocean 
assisted  in  their  daily  conflicts  with  heavy  seas  by  weapons 
borrowed  from  these  opponents. 

The  insoluble  form  of  algin  is  very  like  horn,  and  as  it  can 
be  pressed  into  moulds  of  any  size  it  may  be  used  instead  of  that 
article. 

It  also  appears  to  be  an  excellent  non-conductor  of  electricity, 
and  in  combination  with  certain  other  substances  may  assist  in 
providing  the  cheap  non-conductiug  material,  which  shall  be  im- 
pervious to  moisture,  now  so  much  required  for  underground 
telegraph  and  telephone  wires. 

It  is  an  efficient  agent  for  emulsifying  oils,  and,  being  coagulated 
by  alcohol,  for  fining  wines  and  spirits. 

These  are  some  of  the  probable  applications  of  algin,  and,  seeing 
that  the  substance  is  new,  and  the  source  abundant,  I  shall  not  be 
bold  enough  to  predict  what  it  may  not  be  used  for. 
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XX. — Address  to  the  Chemical  Section.    By  Robert  R.  Tatlock, 
F.R.S.E.,  F.T.C.,  F.C.S.,  Piesidont. 


[Read  before  the  Section,  5th  February,  1883.] 


It  might  be  expected  that  I,  who  have  been  connected  with  tliis 
Section,  of  the  Philosophical  Society  of  Glasgow  during  one-third 
of  my  entire  lifetime,  should  be  able  to  say  a  good  deal  with  regard 
to  its  history,  the  work  it  has  done,  and  the  purpose  it  has  served ; 
and,  truly,  this  would  not  be  a  difficult  task  to  any  one,  who,  like 
myself,  is  familiar  with  the  many  valuable  and  important  papers 
which  its  membei-s  and  associates  have  read,  and  the  discussions 
contingent  upon  them  in  which  they  have  taken  part.  But  there 
are  considerations  which  tempt  me  in  a  different  direction,  and  I 
shall  therefore,  on  this  occasion  at  least,  not  indulge  in  a  review 
of  its  proceedings,  although  such  could  not  be  anything  else  than 
a  long  and  pleasant  eulogy,  but  shall  only  take  a  passing  glance  at 
its  origin,  progress,  present  condition,  and  future  pros})ects. 

The  Chemical  Section  of  the  Philosophical  Society  of  Glasgow 
was  instituted  in  the  year  1868,  and  to  the  exertions  of  Mr.  E.  C. 
C.  Stanford,  who  has  since  filled  the  olHce  of  President  during  the 
term  of  three  years,  we  are  mainly  indebted  for  its  establishment 
then.  With  a  total  membership,  at  the  start,  of  65,  and  the  late 
worthy  Professor  of  Chemistry  in  the  University — Dr.  Thomas 
Anderson — as  its  President,  its  prospects  were  good  and  fair;  and 
the  retrospect  of  15  years  shows  that  these  have  been  fully  and 
completely  realised.  Many  of  the  communications  have  taken 
rank  with  the  best  that  have  been  published  during  the  existence 
of  the  Section,  and  were  the  outcome  of  the  most  patient  and 
laborious  investigation.  And  not  only  in  this  respect  has  it  been 
of  service ;  it  has  opened  the  reading-room  of  the  Society  to  its 
associates,  and  even  if  it  had  done  no  other  work  than  that  of 
establishing  the  Graham  Memorial  Fund,  it  would  not  have  existed 
in  vain.  The  object  of  this  was  to  perpetuate  the  memory  of  that 
distinguished  chemist  and  gentleman,  by  the  deliver}^  at  regular 
Vol.  XIV.  r 
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intervals,  of  a  lecture  to  the  Sectiou  by  some  one  of  the  most  dis- 
tinguished chemists  of  the  day,  and  by  the  bestx)\val  of  a  gold  medal, 
at  regular  intervals,  for  the  best  paper  read  to  the  Section  on  any 
chemical  subject — scientific  or  technical.  I  feel  it  to  be  impossible 
to  refer  to  this  matter  without  associating  with  it  the  name  of  Mr. 
Thomas  R.  Ogilvie,  of  Greenock,  who  orighially  proposed  the 
scheme,  and  of  Mr.  Alexander  Wliitelaw,  who  supported  the  pro- 
posal by  oftering  the  fii*st  medal. 

It  has  recently  been  suggested,  but  not  by  any  means  formally 
proposed,  that  the  Section  should,  in  a  certain  measure,  be  merged 
into  the  parent  Society — at  least  as  far  as  the  reading  of  papere  Is 
concerned.  Many  of  these  are  not  of  so  technical  or  special  a 
character  as  to  bo  uninteresting  to  the  bulk  of  members,  and  even 
if  they  were,  by  a  judicious  combination  of  paper's  read  on  the  same 
evening,  the  interest,  and  consequently  tlie  attendance,  of  members 
would  be  maintained.  Under  this  arrangement  the  Section  would 
retain  its  name  and  its  office-bearers,  and  all  its  functions  would 
be  unimpaired.  I  do  not  venture  to  pass  any  opinion  at  present 
as  to  the  desirability  of  carrying  out  this  proposal ;  there  are  many 
points  to  be  considered  which  could  only  be  fully  gone  into,  with 
the  aid  of  the  Secretaries  of  the  Society  and  of  the  Sections. 

The  necessity  for  the  continuation  of  a  chemical  society  of  some 
kind  in  Glasgow  is  proved,  not  only  by  the  existence  of  this  Section 
for  so  long  a  period,  but  by  reason  of  the  great  diversity  of  chemi- 
cal manufactures  in  this  city  and  its  neighbourhood.  I  know  of 
no  centre  where  such  variety  in  that  respect  is  to  be  found — indeed, 
there  is  scarcely  a  branch  that  is  not  largely  represented.  There 
are  districts  in  the  country,  such  as  those  of  St.  Helens  and  New- 
castle, where  a  particular  chemical  manufacture  is  carried  out  on  a 
more  extensive  scale,  but,  in  point  of  variety,  I  know  of  none  that 
can  approach  this  one.  The  manufacture  of  sulphuric,  hydrochloric, 
nitric,  and  acetic  acids ;  soda  ash,  and  crystals,  bleaching  powder ; 
muriate,  sulphate,  carbonate,  bichromate,  chlorate,  and  the  red 
and  yellow  prussiates  of  potash ;  iodine,  borax,  saltpetre,  gun- 
powder, nitro-glycerine  compounds,  ammonia  salts,  paraffin  oil, 
and  wax ;  phosphorus,  artificial  manures,  iron  and  steel ;  copper, 
zinc,  pigments,  are  largely  represented,  and  sugar  refining,  bleaching, 
Turkey  red,  and  general  dyeing,  and  calico  printing,  are  extensively 
carried  on  in  Glasgow  and  the  West  of  Scotland ;  indeed,  the  wonder 
is  that  these  extensive  industries  can  be  conducted  with  so  little 
chemical  intercourse,  not  to  speak  of  instruction  and  training. 
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There  is,  perhaps,  no  series  of  industries  liable  to  such  sudden 
changes — such  complete  metamorphoses — such  almost  capricious 
alterations — as  those  of  a  chemical  character.  So  much  is  tins  the 
case,  that  it  is  now  becoming  very  hazardous,  even  for  persons 
highly  skilled  in  scientific  and  technical  matters,  to  embark  in 
them.  Many  branches  of  chemical  manufacture  have  assumed  a 
totally  different  aspect  of  late,  others  have  been  practically  ex- 
tinguished, and  it  is  to  a  few  of  these  remarkable  changes,  that 
have  taken  place  since  the  establishment  of  this  Section,  that  I 
would  seek  to  direct  your  attention,  biiefly,  this  evening. 

I  begin  with  the  manufacture  of  products  from  kelp — one  of 
the  industries  which,  we  might  almost  say,  was  peculiar  to  Glasgow. 
Its  history  is  a  remarkable  one.  At  the  ])eginning  of  the  present 
century,  kelp,  or  the  residue  which  is  left  on  the  incineration  of 
sea-weed,  was  made  on  the  shores  of  Scotland  alone  to  the  extent 
of  20,000  tons  per  annum,  and  had  then  a  value  of  at  least  j£20 
per  ton,  the  value  of  the  entire  production  therefore  being  about 
£400,000.  It  was  used  to  some  extent  in  glass-making,  but  was 
wrought  principally  for  the  carbonate  of  soda,  or  "  alkali,"  which 
it  contained  in  the  proportion  of  from  10  to  15  per  cent.,  and 
which  was  extensively  employed  in  the  manufacture  of  soap.  A 
cori'esponding  product — barilla — was  made,  by  the  burning  of  sea- 
weed, on  the  southern  shores  of  France  and  Spain,  and  being 
somewhat  richer  in  alkali,  competed  successfully  with  kelp  in  this 
country  for  upwards  of  20  yeara,  notwithstanding  the  duty  upon 
it — which  was  equal  to  half  its  selling  price,  causing  an  average 
reduction  in  price  to  the  extent  of  50  per  cent,  during  that  period. 
From  various  causes,  but  particularly  on  account  of  the  removal  of 
the  duty  on  barilla,  kelp  gradually  fell  to  from  £2  to  £3  per  ton,  at 
which  rate  its  production  was  no  longer  remunerative.  This  state 
of  things  continued  till  the  year  1845,  when  the  demand  for  iodine, 
and  its  sudden  increase  in  value  from  Is.  to  about  40s.  per  lb.,  resulted 
in  its  manufacture  from  kelp,  and  the  value  of  the  latter  was  no 
longer  determined  by  the  proportion  of  alkali,  but  by  the  amount 
of  iodine  it  contained.  Even  then,  muriate  and  sulphate  of  potash 
wcro  being  made  from  kelp,  but  were  consumed  chiefly  in  the 
manufacture  of  alum.  Two  or  three  years  later,  the  introduction 
of  the  process  for  making  British  saltpetre,  by  the  double  decom- 
position of  muriate  of  potash  with  nitrate  of  soda,  enhanced  the 
value  of  the  potash  salts,  and  this  was  further  aided  by  the  appli- 
cation of  the  Le  Blanc  process  to  the  production  of  carbonate  of 
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potash,  or  British  pearl-ash,  from  the  muriate  of  potash;  and  these 
innovations  i-espectively,  on  the  other  hand,  greatly  diminished  the 
otherwise  value  of  Bengal  saltpetre,  and  of  American  potashes  and 
pearl-ashes. 

Glassford,  in  an  admirable  paper,  communicated  in  1848  to  the 
Glasgow  Philosophical  Society,  tells  us  that  in  1845  there  were  only 
four  works  in  the  Glasgow  district  engaged  in  tlie  manufacture  of 
kelp  products ;  but  these  rapidly  increased  to  20,  working  collec- 
tively say  4,000  tons  of  kelp  per  annum.  The  price  of  iodine 
was  then  £\  Is.  per  lb.,  and  that  of  mui-iate  of  potash  considerably 
over  £20  per  ton.  For  the  next  dozen  years  or  so,  the  average 
amount  of  kelp  wrought  in  this  district  was  about  7,000  tons 
(though  it  finally  rose  to  14,000  tons),  the  average  price  of  iodine 
about  128.  per  lb.,  and  the  cost  of  muriate  of  potash  from  £10  to 
£14,  rising  in  1861  to  £20,  and  in  18G2  to  £22  per  ton.  Then 
came  the  liret  symptom  of  the  changes  which  were  in  store  for  this 
industry. 

The  Prussian  Government,  wliich  had  been  putting  down  a 
shaft  in  the  neighourhood  of  Magdeburg  to  work  rock  salt,  came 
upon  a  bed  of  the  celebrated  "  camallit or  double  chloride  of 
potassium  and  magnesium,  and  in  the  year  1857  raised  their  fii*st 
quantity  of  692  tons.  Much  delay,  however,  occurred  before  the 
muriate  of  potash  was  obtained  from  it  in  sufficient  quantity  to 
affect  the  potash  market,  and  it  was  not  till  1862,  when  20,000 
tons  were  raised,  that  matters  began  to  look  serious,  as  this  quan- 
tity represented  more  than  3,000  tons  of  average  commercial 
muriate  of  potash.  In  the  same  year  the  Government  of  the 
Duchy  of  Anhalt,  encouraged  by  the  Prussian  successes,  sunk  a 
shaft  on  their  own  territory,  and  struck  the  same  camallit  bed, 
raising  that  year  only  215  tons,  but  in  the  following  year  17,000 
tons  of  the  mineral.  The  price  of  muriate  of  potash  now  rapidly 
fell  until  it  reached  half  its  former  rate,  at  which,  with  certain 
fluctuations,  it  has  remained.  Some  idea  of  the  gigantic  character 
of  this  industry  may  be  gained  from  the  fact  that,  in  1875,  33 
chemical  works  in  the  immediate  vicinity  of  the  two  shafts  worked 
up  500,000  tons  of  carnallit  into  muriate  of  potash,  the  products 
having  a  total  value  of  over  £700,000. 

These  quantities  ai'e  quite  independent  of  what  are  capable  of 
being  produced  by  the  Douglashall  Mines,  about  20  miles  distant, 
where  the  ]>ure  carnallit  is  at  least  400  feet  thick,  and  where  I 
have  seen  at  least  6,000,000  tons  in  sight    It  seems  no  wonder 
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that  the  manufacture  of  potash  salts  from  kelp  was  for  a  time 
paralyzed ;  its  sheet  anchor  was  once  more  the  iodine,  which  from 
over-production  had  fallen  in  1862  to  5s.  6d.  per  lb.,  and  now 
gradually  ix>se  in  value  until,  in  1872,  it  was  sold  at  34s.  8d.  per  lb. 
But  now  a  new  source  of  iodine — long  known,  but  hitherto  unused 
— was  tapped.  The  crude  nitrate  of  soda,  or  "  caliche,"  existing  on 
some  parts  of  the  west  coast  of  South  America,  had  been  long 
reported  to  contain  it  in  the  form  of  iodate  of  soda,  but  the  exact 
proportion  was  never  made  very  clear.  In  1874,  however,  25  tons 
were  exported  from  Peru,  which,  at  the  then  price,  say  lis.  per 
lb.,  brought  £30,800,  and  in  1876  the  quantity  had  increased  to 
45  tons,  which,  at  say  8s.  per  lb.,  gives  £40,320.  From  1877  to 
1879  the  price  fluctuated  from  12s.  to  18s.,  and  in  1880  again 
receded  to  8s.  per  lb.  During  these  years  it  is  difficult,  on 
account  of  the  Chili-Peruvian  war,  to  obtain  complete  statistics  of 
the  manufacture,  but  it  may  be  reganled  as  cei-tain  that  during 
the  year  1881  jil>out  160  tons  of  iodine  were  shipped  from  Peru, 
which,  at  8s.  per  lb.,  gives  a  total  value  of  £143,360  ;  and  further, 
that  last  year  the  quantity  made  would  not  be  less  than  200  tons, 
which,  if  sold  in  this  country  at  last  year's  rates,  say  6s.  per  lb., 
would  bring  £134,400,  and  the  plant  for  its  production  is  at 
present  being  still  further  increased.  At  first,  when  these  large 
exti-a  quantities  of  iodine  were  thrown  on  the  market,  it  was 
thought  impossible  that  they  could  be  taken  up,  but  the  prepara- 
tion of  iodide  of  methyl  for  the  manufacture  of  methyl  violet, 
did  much  to  aid  the  sale  of  iodine.  This  is  just  an  example  of 
the  fact  that,  although  over-production  is  sure  to  cripple  an 
industry,  it  wall,  especially  at  a  cheaper  rate,  increase  the  demand 
for  the  article  through  widening  the  circle  of  its  application;  and 
the  potash  manufacture  is  another  instance  of  it. 

The  bromine,  which  is  present  in  considerable  quantity  in  kelp, 
was  neglected  up  till  about  the  year  1866,  when  it  began  to  be 
extracted,  but  the  kelp  worker  was  not  long  to  be  allowed  to 
enjoy  even  this  slight  advantage.  Already  it  was  being  extracted 
from  the  Stassfiirth  liquors  to  some  extent,  and  in  1872  had  re^hed 
25  tons.  The  price  in  consequence  fell  from  24s.  to  about  2s.  per 
lb.,  which  offered  no  inducement  to  i^ecover  it.*  At  the  present 
time  there  ai*e  only  two  works  in  Scotland  and  one  in  Ireland 
engaged  in  making  kelp  products. 

•  Particularly  as  Germau  bromine  itself  was  sufferiDg  severely  from  the 
importation  of  American  bromine  into  Germany. 
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I  wish  now  to  direct  your  attention  briefly  to  the  condition  of 
another  manufacture  of  perhaps  even  greater  magnitude  and  impor- 
tance than  that  of  iodine  and  potash  salts  put  together,  namely 
the  ammonia  industry.  A  quarter  of  a  century  ago  agriculture 
was  dependent  to  a  large  extent  ui>on  Peruvian  Guano,  which 
was  at  that  time  very  rich  in  ammonia,  frequently  containing  from 
15  to  18  per  cent.  Nearly  250,000  tons  were  at  that  time  con- 
sumed in  the  United  Kingdom,  and  as  much  more  on  the  continent 
of  Euroi)e.  Naturally  the  best  deposits  were  worked  first,  and  the 
quality  gradually  diminished  in  consequence,  and  now  8  per  cent, 
or  so  is  considered  a  high  strength.  Tliis  state  of  things,  coupled 
with  increasmg  demand  for  ammonia,  has  stimulated  the  produc- 
tion of  the  latter  from  other  sources,  and  has  been  the  means  of 
advancing  the  price  to  nearly  double  what  it  formerly  was,  or  at 
least  from  say  £12  to  £21  per  ton.  The  result  has  been  a  largely 
increased  supply  which  has  scarcely  kept  pace  with  it,  every  avail- 
able source  being  eagerly  tried.  The  ammoniacal  water  obtained 
in  the  destructive  distillation  of  shale  and  coal  in  the  parafiin  oil 
manufacture,  not  so  many  years  ago  was  regai'ded  as  a  waste  pro- 
duct— in  fact,  a  nuisance — but  it  is  now  not  only  universally  utilised, 
but  is  in  some  instances  the  main  source  of  profit.  It  had  long 
been  known  that  ammonia  existed  to  an  appreciable  extent  in  the 
waste  gases  of  blast  furnaces,  as  it  does  in  the  gaseous  products  of 
combustion  from  all  coals,  ljut  the  mechanicol  difiiculties  in  the 
way  of  recovering  it  were  so  great  that  it  was  not  attempted 
until  quite  recently,  when  the  enterprising  iron  firm  at 
Gai*tsherrie  erected  large  and  costly  apparatus  for  condensing  it 
in  the  form  of  ammonia  liquor,  as  well  as  the  tar  which  distils  oflf 
from  the  coal  in  the  upper  part  of  the  blast  furnace.  When 
we  consider  that  an  average  furnace  will  consume  50  tons 
of  coal  per  day,  that  each  ton  of  coal  burned  gives  130,000 
cubic  feet  of  waste  gases,  that  these  have  an  initial  tem^Wii-aturc 
after  leaving  the  furnace  of  about  500'  F.,  and  that  this  enormous 
amount  of  hot  gas,  weighing  about  4  tons,  contains  only  about  6 
lbs.  of  ammonia,  we  can  realise  the  difficulty  which  the  pioneers 
of  this  new  industry  had  to  contend  with.  The  result  is  that  at 
present  at  least  1  ton  of  sulphate  of  ammonia  per  day  is  being 
made  at  these  works  with  less  than  the  spare  waste  gases  from  two 
furnaces,  and  it  is  said  that  the  whole  of  the  other  furnaces  belong- 
ing to  that  firm  are,  as  quickly  as  possible,  to  be  adapted  for  the 
recovery  of  ammonia. 
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But  while  the  erectiou  of  this  gigfUitic  plant  was  going  on, 
certain  of  the  other  Scotch  iron-iuastei-s  were  not  idle,  and  sought 
means  of  recovering  the  ammonia  in  other  ways.  More  than  one 
of  them  has  experimented  largely,  and  I  belie\'e  successfully,  with 
the  object  of  obviating  the  necessity  of  cooling  this  large  volume 
of  gas,  their  method  consisting  in  scrubbing  the  hot  gases  by  various 
mechanical  arrangements,  with  a  shower  of  sulphuric  acid,  pro- 
ducing sulphate  of  ammonia  at  once — which,  however,  is  of  a 
dark  colour  unless  much  care  is  bestowed  on  it  in  order  to 
keep  it  clean.  The  latest,  however,  with  regard  to  the  recovery 
of  ammonia  from  furnace  gases,  is  that  a  celebrated  firm  of 
iron-masters  in  this  neighbourhood  has  secured  full  patent  i-ights 
for  fixing  the  ammonia  by  means  of  sulphurous  or  other  acid 
in  the  form  of  vapour  or  gas,  which,  meeting  with  the  gaseous 
ammonia,  forms  at  once  a  salt  easy  of  condensation  and  easily 
scrubbed  with  water,  yielding  a  solution  which  may  be  ob- 
tained as  high  as  60'  Twaddell,  instead  of  about  4*  as  in  the 
condensation  method.  The  product  consists  of  a  mixture  of 
h3rposulphite,  sulphite,  and  sulphate  of  ammonia,  but  it  must  be 
borne  in  mind  that  for  some  purposes  it  is  not  necessaiy  that  it 
should  be  in  the  form  of  sulphate  at  all.  For  the  Briinner  k  Mond 
ammonia-soda  process,  for  instance,  the  less  sulphate  the  better, 
as  when  distilled  with  lime,  in  order  to  obtain  the  free  ammonia, 
the  residue  in  the  stills  will  consist  of  a  solution  of  the  soluble 
hyposulphite  and  sulphite  of  calcium,  instead  of  nearly  insoluble 
sulphate.  There  is  at  present  consumed  annually  in  this  country 
nearly  3,000  tons  of  sulphate  of  annnonia  for  the  ammonia-soda 
process  alone,  and  this  will  certainly  increase,  the  present  value 
l)eing  about  £56,000.  One  great  advantage  of  this  method  is 
that  it  requires  no  sulphuric  acid,  the  sulphurous  acid  being 
obtained  by  burning,  in  a  suitable  kihi,  by  means  of  the  cold 
blast,  the  waste  sulphurous  blaes,  which  can  be  had  in  Scotland 
by  the  hundred-thousand  tons  for  the  liftiug.  In  any  case,  if  it 
were  required  to  produce  it  in  the  foi-m  of  sulphate,  that  could 
be  easily  done  by  distilling  with  lime  and  receiving  the  evolved 
ammonia  in  sulphuric  acid,  as  usual.  This  new  acid  vapour  pro- 
cess is  applicable  to  gases  of  every  variety  of  furnace,  with  slight 
modifications — such  as  those  of  the  Siemens'  generator,  Wilson's 
producer,  gases  from  coking  ovens,  &c.  It  is  not  difiicult  to  make 
an  estimate  of  the  prospective  amount  of  ammonia  from  this 
source,  at  least  as  far  as  Scotland  is  concerned,  where  thero  are 
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probably  at  least  130  blast  furnaces  capable  of  being  adapted  for 
the  recovery  of  the  ammonia,  without  injuiy  to  the  gases  for 
heating  purposes — such  as  firing  boilers  and  heating  blast.  Each 
furnace  consumes  say  50  tons  of  coal  per  day,  and  each  ton  of 
coal  is  capable  of  yielding  ammonia  equal  to  at  least  25  lbs.  of 
sulphate.  This  gives  for  each  furnace  1,250  lbs.  of  sulphate  in  the 
24  hours,  or  72^  tons  per  day  for  all  Scotland,  or  for  a  year  of  350 
working  days  25,375  tons,  the  value  of  which,  at  present  rates,  is 
nearly  half  a  million  sterling,  and  probably  the  blast  furnaces 
working  on  coal  in  England  ai*e  capable  of  producing  as  much. 
These  enormous  figures,  however,  dwindle  into  insignificance  when 
we  glance  at  an  estimate  made  by  Weldon,  in  his  late  lecture  to 
the  Society  of  Chemical  Industry,  of  the  amount  of  ammonia 
capable  of  being  recovered  from  the  escape  gases  of  English 
coking  ovens.  He  takes  the  amount  of  coal  coked  in  England 
as  approximating  20,000,000  tons  per  annum,  which  would,  with 
a  yield  of  20  lbs.  of  sulphate  of  ammonia  per  ton,  produce  180,000 
tons  of  that  salt — worth,  at  present,  £3,500,000  sterling.  It  may 
be  thought  that  this,  if  not  visionary,  is  at  any  mte  strictly  prospec- 
tive, but  it  is  not  so.  Ammonia  has  been  recovered  from  coke 
ovens  in  France  for  years  past,  and  at  Felling-on-Tyne  it  is  being 
recovered  in  the  piH)cess  of  coke  making  at  the  chemical  works 
of  Mr.  H.  L.  Pattinsou,  under  the  process  patented  by  Mr.  J. 
Jamieson,  engineer,  Newcastle-on-Tyne.  The  whole  of  the  waste 
gases  of  the  Siemens'  producei's  are  available  lui  sources  of  am- 
monia^  but  it  remains  to  be  seen  whether  the  withdrawal  of  the 
tarry  vapour  from  these  gases  by  the  condensation  would  not 
affect  the  temperature  of  the  melting  furnaces.  In  any  cases, 
when  plant  is  being  erected  for  the  condensation  of  ammonia, 
it  should  be  well  considered  what  process  is  best  adapted  for 
the  purpose,  for  the  method  of  to-day  may  not  be  the  one  of 
the  immediate  future.  There  is  no  reason  why  the  gajses  from 
the  Wilson  producers  should  not  also  be  utilized  for  ammonia, 
especially  in  chemical  works,  where  there  are  always  persons  at 
hand  who  are  supposed  to  be  able  to  handle  them.  These  pro- 
ducers are  springing  up  everywhere  now,  and  there  can  be  no 
longer  any  question  as  to  the  economy  which  they  effect,  on 
account  of  their  requiring  only  an  inferior  quality  of  small  coal, 
and  of  their  doing  away  almost  entirely  with  smoke.  One 
mistake  that  is  being  made,  however,  universally,  is  in  building 
them  too  close  to  the  point  at  which  the  gases  are  to  be  used, 


Address  to  the  Chemical  Section  by  Mk.  R.  H.  Tatlock.  266 

leaving  uo  room  for  the  erection  of  any  plant  for  the  recovery 
of  the  ammonia. 

In  addition  to  the  other  means  of  obtaining  ammonia,  some- 
thing is  being  done  at  present  in  distilling  an  inferior  quality  of 
dross,  which  is  not  worth  more  than  6d.  per  ton  at  the  pit  mouth, 
for  the  sake  of  the  ammonia  it  yields — a  coke  being  obtained  which 
is  worth  much  moiv  ihau  the  original  dross,  and  which  will  cover, 
besides,  the  cost  of  the  distillation. 

The  present  supply  of  sulphate  of  ammonia  is  obtained  almost 
exclusively  from  the  ammoniacal  water  condensed  in  the  manufac- 
ture of  coal  gas  and  crude  paradin  oil,  and  cannot  be  much  short 
of  70,000  tons  per  annum  for  the  United  Kingdom. 

When  we  consider  the  euonnous  demand  for  ammonia,  chiefly 
as  a  fertilizer,  we  caimot  be  surprised  that  many  attempts  have 
been  made  to  form  it  dii*ectly  by  the  combination  of  nitrogen  and 
hydrogeiL  It  is  recorded,  and  there  seems  no  reason  to  doubt  it, 
that  when  either  of  these  gases  is  produced  in  the  nascent  state  in 
presence  of  the  other,  ammonia  is  formeil.  In  a  paper  read  before 
the  Congress  of  German  Chemical  Manure  Makei-s,  held  at  Hanover 
in  June  last,  Mr.  T.  Aikman,  of  this  town,  estimated  that  if  all 
the  nitrogen  at  present  used  in  the  entire  world,  in  the  form  of 
artificial  manure,  were  calculated  on  the  basis  of  sulphate  of 
ammonia — the  most  concentrated  foim  of  nitrogen — the  quantity 
would  be  approximately  500,000  tons  per  annum.  No  commerial 
success,  however,  has  attended  the  attempts  to  produce  ammonia 
by  direct  synthesis,  although  it  is  more  tbau  possible  that  that 
will  be  one  day  accomplished.  Upwards  of  30  years  ago,  extensive 
experiments  were  earned  out,  under  the  superintendence  of  Mr. 
Hughes,  of  Bo'ness,  with  the  object  of  producing  cyanides  from  the 
nitrogen  of  the  atmosphere,  and  these  were  successful  in  so  far  as 
obtaining  the  product  was  concerned — as  nmch  as  10  cwts.  per 
week,  at  one  time,  having  been  obtained — from  which,  of  course,  it 
would  be  very  easy  to  obtain  an  equivalent  of  ammonia,  by  passing 
steam  over  the  cyanides,  at  a  temperature  somewhat  under  a 
red  heat.  After  an  expenditure  of  several  thousands  of  i)ounds, 
however,  the  trials  were  abandoned,  as  there  seemed  no  hope  of 
producing  cyanides  at  anything  like  a  paying  tiguro.  Mr.  James 
Mactear  has  i-ecently  experimented  largely  with  the  same  object, 
and  with  similar  results.  The  process  consisted  in  passing  air, 
deprived  of  its  oxygen  by  red  hot  carbon,  over  charcoal  saturated 
with  caustic  (iotash,  at  an  intense  heat  3  but  the  loss  of  potash  was 
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so  great,  that  there  was  no  hope  of  the  method  proving  remuner- 
ative. It  probably  was  reduced  to  ix)tassium,  which  volatilized 
as  vapour,  although  that  explanation  was  not  given  at  the  time. 
It  might  be  supposed  that,  by  substituting  soda  or  baryta  for 
potash,  and  using  gases  such  as  those  of  the  blast  furnace,  which 
had  already  been  deprived  of  their  oxygen,  success  might  be 
achieved,  as  these  mateiials  cost  conijjai-atively  little;  but  a  series 
of  experiments,  extending  over  a  period  of  six  months,  recently 
made  by  the  firm  to  which  I  belong,  has  convinced  us  that  the 
day  is  not  at  hand  by  which  tlie  synthesis  of  ammonia  can  be 
accomplished  by  these  means.  The  experiments  were  made  both 
on  a  small  scale,  using  an  iron  retort  of  only  three  inches  diameter, 
and  on  a  large  scale,  \vith  a  specially  constructed  kiln  containing  a 
ton  of  alkali  bricks.  Both  low  and  intense  temperatures  were 
tried,  and,  although  cyanides  were  undoubtedly  formed,  and 
ammonia  produced  from  them  by  steaming,  the  results  were  far 
from  being  such  us  to  wairant  the  erection  of  more  extensive 
plant,  and  the  expeiiments  were  hopelessly  abandoned.  At 
first,  a  large  quantity  of  ammonia  seemed  to  be  produced,  but 
when  there  was  deducted  from  this  the  amount  evolved  from 
the  coke  during  the  steaming,  and  that  which  was  abstracted  by 
the  red  hot  alkali  and  carbon  from  the  gases,  and  fixed  as 
cyanides,  there  was  not  enough  left  to  give  the  slightest  en- 
couragement to  persevere  further.  One  great  drawback  to  this 
method  of  producing  ammonia  will  always  be  the  loss  of  alkali 
metal  in  the  form  of  vapour,  which  quickly  deteriorates  the 
mixture,  and  finally  rendei-s  it  useless. 

It  may  not  be  unworthy  of  mention  that  cast-off  boots  and  shoes, 
which  are  so  largely  met  with  in  the  domestic  refuse  of  our  large 
towns,  arc  even  being  regarded  as  a  source  of  ammonia,  although, 
of  course,  not  a  very  extensive  one.  Still,  wlien  we  consider  that 
in  Glasgow  alone  at  least  500  tons  of  this  material  per  annum  are 
picked  out  from  the  town  refuse,  we  shall  see  that  no  mean  amount, 
over  the  entire  country,  is  available,  and  these  cast-away  boots  and 
shoes  are  now  a  regular  article  of  commerce. 

There  is  scarcely  a  chemical  manufacture  at  the  present  time 
that  is  not  threatened,  if  not  assailed,  fix>m  some  quai-ter  or  other. 
It  is  well  known  that  the  Le  Blanc  process  for  the  manufacture  of 
soda  ash  from  common  salt  has  not  been  remunerative  for  several 
yeai-8  past,  a  heavy  loss  being  in  point  of  fact  incurred  in  the 
manufactun?  of  the  alkali,  while  little,  if  any  profit,  has  been 
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derived  from  the  bleaching  powder.  I  presume  nearly  every  one 
present  must  have  perused  the  remarkable  paper  read  last  month 
by  Mr.  Weldon  to  the  Society  of  Chemical  Industry,  and  printed 
in  the  Januar}'  number  of  its  journal.  Its  subject  is,  "  The  present 
Condition  of  the  Soda  Industry,"  and  it  furnishes  abundant  food  for 
reflection.  We  are  there  informed  that  the  total  soda  compounds 
of  every  kind,  comprehending  soda  ash,  caustic  soda,  soda  crystals, 
and  black  ash  sold,  calculated,  in  terms  of  pure  carbonate  of  soda 
(Naj^COg)  inad(;  iu  the  world,  is  some  708,725  tons,  of  which 
163,225  tons,  or  23  p(;r  cent.,  are  now  made  by  the  ammonia-soda 
process.  Nineteen  works  in  Europe  and  America  produce  this 
quantity  of  ammonia-soda,  one-third  of  which  is  produced  in 
England.  Tiie  Le  Blanc  process,  devised  towards  the  close  of  the 
liist  century  by  the  chemist  bearing  its  name,  and  declared  then, 
by  a  committee  of  inquiry  appointed  by  tha  French  government, 
to  be  the  best  method  of  obtaining  alkali,  has  proved  it.self  to  be 
such,  and  has  been  wrought  during  nearly  th(;  whole  of  the  period 
which  has  elapsed  since,  without  any  radical  alteration,  and  without 
a  rival.  The  ammonia-soda  process,  although  known  nearly  half- 
a-century  ago,  was  never  a  practical  success  until  a  considerable 
time  after  Solvay  obtained  his  first  English  patent  in  1863.  His 
success  lay  in  the  appai-atus  which  he  had  devised  for  preventing 
much  loss  of  ammonia — a  i)oint  of  the  most  essential  importance, 
considering  the  high  pi-ice  of  this  article.  But  with  several  millions 
of  pounds'  worth  of  exti*a  ammonia  salts  per  annum  in  prospect  of 
manufacture,  it  is  hard  to  say  what  the  ammonia  process  may  yet 
achieve.  It  is  the  opinion  of  W(?ldon,  however — and  few  are  better 
qualified  to  judge — that  the  old  method  will  in  all  probability  hold 
its  own,  i>artly  through  a  reduction  in  the  consumption  of  pyrites 
due  to  the  spread  of  the  ammonia-soda  i)rocess  itself,  and  partly  on 
account  of  the  introduction  of  Schaftner  and  Helbig's  process  for 
the  recovery  of  sulphur,  by  which  combination  of  circumstances 
the  value  of  sulphur  must  inevitably  be  reduced — probably  by  one- 
half.  The  question  for  the  present,  then,  stands  thus : — Will  the 
cheapened  sulphur  ores  enable  tlie  old  makers  to  continue  the 
manufacture  of  alkali  with  a  prospect  of  profit  i  or,  will  cheapened 
ammonia  put  it  in  tlie  power  of  ammonia-soda  soda  makers  to  put 
alkali  of  high  quality  in  the  market  with  profit,  at  a  lower  price 
than  their  rivals  ?  It  is  true  the  ammonia-soda  process  has  but 
one  leg  to  stand  on,  namely,  the  alkali,  which  is  the  only  product; 
while  the  old  process  has  two — the  other  being  bleaching-powder, 
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Ayropo$  of  the  recovery  of  %Tilph:ir  ipxn  alkali  waste,  a  p^pn* 
was  read  to  this  Section  on  6th  ApriL  1  ^6-^.  on  that  subject  bv  Dr. 
lAidwig  MoD'i,  that  'jein^  the  irjku^aral  ii^-e^ting  the  Section.  He 
estimate^!  then  that  5u,0«>J  tons  sulphur  were  capable  <rf  being 
recovered  from  alkali  waste  in  this  country  alone.  His  process 
consisted  in  the  oxi'iation  by  air  of  the  stdphur  compoonds  of 
calcium  in  the  waste,  their  subsequent  lixiviation  and  the  precipi- 
tation of  tbe  sulphur  from  them  by  hydrochloric  add.  This 
process  was  adopted  with  modifications  at  St.  RoUox  works  a 
year  later,  but  afterwards  gave  place  to  a  method  devised  by  our 
late  president,  3Ir.  ^factear,  who  began  to  work  it  there  in  1872 
with  a  plant  ca|>able  of  recovering  35  tons  of  sulphur  weekly,  and 
of  which  he  gave  a  description  at  the  meeting  of  the  British 
Association  at  Plymouth  in  1877.  It  consisted  in  adding  solution 
of  sulphurous  acid  to  the  sulphide  of  calcium  drainage  liquor  from 
the  waste  heaps,  then  precipitating  with  hydrochloric  acid,  by 
which  little  or  no  sulphuretted  hydrogen  was  evolved.  Now  we  are 
in  immediate  prospect  of  seeing  a  totally  different  mode  of  recovery 
w\i)\iU'x\  that  of  Hchaffner  and  Helbig,  so  ably  described  by  Weldon 
in  the  "  Jounial  of  the  Society  of  Chemical  Industry"  for  February 
f/f  last  year,  and  which  consists  in  heating  the  fresh  waste  with 
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magnesium  chloride,  by  which  magnesium  sulphide  is  produced  and, 
i-eacting  on  water,  forms  magnesia,  while  sulphuretted  hydrogen 
is  evolved  quite  pure  and  almost  without  loss.  The  sulphuretted 
hydrogen  can  either  be  burned,  and  the  resulting  sulphurous  acid 
conveyed  into  the  vitriol  chambers,  or  one-third  of  it  can  be  burned 
and  the  gaseous  product  mixed  with  tlie  remaining  two-thirds,  by 
which  the  whole  of  the  sulphur  is  liberated,  theoretically,  according 
to  the  well  known  reaction — 

2H3S  +  SO.,  =  2H,0  4-S3. 

I  see  no  reason  why  this  reaction  should  not  be  applied  to  the 
recovery  of  sulphur  from  the  sulphuretted  hydrogen  evolved  from 
the  citicker  boxes  in  the  distillation  of  ammonia  liquor,  especially 
with  the  improvement  devised  by  the  last-named  inventoi*s,  of 
pix)ducing  the  reaction  in  presence  of  calcium  chloride  or  mag- 
nesium chloride,  by  which  the  loss  of  sulphur  by  the  formation 
of  tetrathionic  acid  is  prevented. 

Let  us  now  turn  briefly  to  another  class  of  manufactures  which, 
as  at  present  carried  on,  are  perhaps  as  strictly  chemical  in  their 
character  as  any  of  those  referred  to — I  mean  the  iron  and  steel 
clasa  When  this  section  was  established  fifteen  years  ago,  any 
one  who  would  have  hinted  to  a  Scotch  iron-master  that  he  might 
profit  by  the  services  of  a  chemist,  would  probably  have  been  met 
with  contempt,  but  now  scarcely  an  iron  work  is  without  one. 
The  introduction  of  Bessemer,  and  afterwards  of  Siemens'  steel, 
necessitated  the  production  of  an  iron  almost  completely  free  from 
phosphorus  and  sulphur,  which  the  phosphatic  and  sulphurous 
carboniferous  ores  of  Scotland  could  not  give.  By  the  old  process 
of  making  steel  from  wrought-iron  the  phosphorus  and  sulphur 
were  eliminated  in  the  puddling  process,  and  carbon  communicated 
to  the  wrought-iron  by  contact  with  that  element  for  a  long  time, 
at  a  red  heat.  The  substitution  of  manganese  in  the  two  processes 
above  i-eferred  to,  for  a  portion  of  the  carbon,  did  away  with  the 
necessity  of  puddling,  and  it  then  became  necessary  to  obtain  an 
iron,  free,  or  at  least  as  nearly  so  as  possible,  from  the  objectionable 
elements  phosphorus  and  sulphur.  This  was  only  to  be  accom- 
plished, for  the  time  being,  by  the  use  of  ores  nearly  free  from 
these  elements,  such  as  the  English  hematites  and  the  Spanish 
Campanil  and  Rubio  ores.  Hence  enormous  quantities  of  pig- 
iron,  for  both  kinds  of  modern  steel  have  been  made,  even  in 
Scotland,  from  these  ores,  of  which  there  is  no  better  evidence 
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tKufi  qtiarttity  of  r^panixij  ore  imported  into  Soodud,  wd 
vkk'b,  M:^;f/n\ing      JerxkiiiB,  amounted,  in  18^1,  to  246,654  toos, 

lifpuMt  1,713,639  tonB  for  the  United  Kingdom,  or  6Sf  per 
cent  of  th^  t^>tal  ontpat.  TLls  Large  amoimi  of  ore  is  almost 
tiX(:\n%\'/*^\y  riiiinuf2i/:;tured  into  pig-iron  for  the  Bessemer  or  Siemens 
pr'iC^rHJi,  and  i.H  of  couise  exclusive  of  what  is  made  from 
iUufAftirWud  ore  for  the  name  puq>osse.  But  this  manufacture  of 
jmn;  pjf^'iron  i.H  menace*!  a  j>rocew> — the  ouiy  one  of  its  kind 
w)ii^;h  prorriijieh  «iJccef».-» — that  is  the  Thomas  Gilchrist  process, 
whi/;h  aifir^  at  the  eHiaination  of  phosphorus  and  sulphur  from 
#?reji  the  wontt  hrandj*  of  pig  iron,  and  the  question  will  ere  long 
\m',  *\(:U'.nti\u*A  whether  a  pure  pig'-irou  i-*  to  be  made  from  pure 
ore,  f//r  fct^;el  \t\xr\Kt6t::i,  or  whether  an  impure  iron  is  to  be  purified 
f/j  the  T*^\\\\h\Ut  (h:'^i:(i  by  the  Thomas-Gilchrist  methods,  the 
iuvi'jiUfrn  of  which,  acting  oii  the  suggestion  of  Mr.  Gruner, 
VroU'WiVfT  iff  Metallurgy  at  the  School  of  Mines,  in  Paris,  devised 
a  iiieth'^*!  of  treating  impure  iron,  either  in  the  Bessemer  converter 
or  in  the  Hiemenii'  furnace,  in  contact  with  a  basic  lining,  con- 
HiMtirig  (tf  'i  jiarts  of  lime  and  '2  parts  of  magnesia,  by  which  the 
elimination  of  the  phosphorus  and  sulphur  are  i*endered  as  com- 
plet^j  as  in  the  case  of  pig  prepared  from  the  purest  ores — the 
phoHphoruH  l>eing  in  many  cases  reduced  from  3  to  '03  per  cent., 
or  to  of  its  original  amount.  It  is  at  all  times  dangerous  to 
pr^i^lict  with  regard  to  any  process,  but  if  anything  can  give  con- 
fidence in  a  new  one  it  is  its  rapid  spread  and  wide  adoption  in  a 
Hhort  space  of  time,  and  these  elements  are  not  wanting  in  the 
basic  process.  The  following  figures,  which  Mr.  Gilchrist  has  had 
the  goodness  to  supply  me  with,  show  the  total  output  of  basic 
HUifil  for  the  month  of  October,  1882: — England,  9,578  tons; 
France,  1,240  tons;  Belgium,  1,687  tons;  Grermany,  23,088  tons: 
Austria,  7, 7 GO  torn  ;  Russia,  1,270  tons — total  in  Europe,  say 
47,633  tons,  which  equals  an  annual  make  of  571,596  tons. 
There  are  9  converters  in  England  and  25  on  the  Continent 
iKjing  built  to  work  the  process,  with  an  estimated  annual  output 
of  624,000  tons,  which  will  bring  the  total  make  up  to  1,195,500 
tons.  No  more  need  l>e  said  for  the  confidence  which  is  being 
placed  in  the  basic  process. 

It  is  perhaps  worthy  of  note  in  passing  that  there  is  no  possi- 
bility of  distinguisliing  chemically  between  Siemens  *  and  Besseuier 
steel,  although  I  am  informed  by  one  well  qualified  to  judge,  that 
the  former,  when  made  for  the  same  purpose  as  the  latter,  contains, 
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as  a  rule,  a  little  more  carbon.  Some  varieties  of  soft  steel,  again, 
approach  so  closely  in  composition  to  that  of  malleable  iron  that 
it  is  scarcely,  if  at  all,  possible  to  distinguish  between  them. 

Glancing  for  a  moment  at  a  very  different  kind  of  manufacture 
we  see  changes  not  less  revolutionary.  When  this  Section  was 
instituted,  madder  and  its  product — garancine — were  exclusively 
used  for  the  dyeing  of  turkey  red.  Ai-tificial  alizarine  had  not  as 
yet  been  discovered. 

At  a  meeting  of  this  Section,  held  in  the  Andersonian  Buildings 
on  15th  March,  1869,  Mr.  W.  H.  Perkin,  F.R.S.,  himself  the  dis- 
coverer of  the  first  aniline  dye — and  afterwards  an  extensive 
manufacturer  of  artiticial  alizarine,  read  a  paper  entitled  "Obser- 
vations on  some  Colouring  matters."  During  the  discussion  which 
followed,  that  gentleman  was  asked  by  a  member  present  whether 
he  had  seen  it  intimated  in  a  certain  German  chemical  periodical, 
that  alizarine  had  been  obtained  artificially  from  anthracene.  He 
replied  that  ho  hjul  not.  The  discovery  referred  to  was  the  cele- 
brated one  of  Gitebe  and  Liebermann.  The  sequel  you  know. 
Thei*e  is  now  practically  no  madder  or  any  derivative  of  it  used  in 
the  dying  of  turkey  red,  and  work  can  be  done  with  the  artificial 
article,  which  the  natural  could  not  have  approached.  It  is  to  be 
deeply  regretted  that  this  manufacture  was  to  so  large  an  extent 
allowed  to  take  root  and  grow  out  of  this  country.  The  result 
has  been,  besides  others,  a  partial,  although  only  temporary,  stop- 
page of  the  turkey  red  industry  in  this  locality,  and  the  loss  of 
the  profit  contingent  upon  the  manufacture  of  all  the  alizarine 
used  in  this  district,  the  value  of  which  cannot  be  much  short  of 
£200,000  per  annum. 

»  It  is  scarcely  necessary  to  give  further  examples,  of  the  progress 
which  the  chemical  trades  have  made  during  the  last  few  years. 
It  is  recorded  in  the  minutes  of  the  meeting  of  the  Glasgow 
Philosophical  Society  for  November,  1868,  that  Mr.  John  Mayer 
"exhibited  a  specimen  of  Nobel's  Giant  Powder  or  Dynamite,  and 
described  the  method  of  its  application."  Some  idea  of  the  progress 
made  in  this  department  of  chemical  manufacture  may  be  gained 
from  the  fact  that,  last  year,  one  factory  alone  in  this  country  made 
1,300  tons  of  this  material  (in  addition  to  what  was  produced  by 
seven  factories  on  the  Continent  of  Europe  and  in  America),  and 
plant  is  being  built  which  will  nearly  double  this  quantity.  One 
would  have  thought,  with  an  agent  like  this,  which  contained  so 
much  latent  energy  as  compared  with  any  of  its  predecessors,  that 
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every  possible  requirement  would  be  satisfied ;  but  the  demand  foi* 
improvement  is  never  satisfied,  and  with  the  real  demand,  sooner 
or  later,  must  come  the  supply.  When  nitro-glycerine  was  used  in 
the  liquid  form  as  a  blasting  agent  its  employment  was  attended 
with  great  risk,  from  the  fact  of  its  fluidity.  Nobel's  simple  but 
highly  practical  method  of  absorbing  it  into  porous  silica  served 
every  purpose  of  safety,  but  reduced  its  energy  by  the  introduction 
of  25  per  cent,  of  inert  matter.  Two  years  ago  the  same  restless 
inventor  entirely  overcame  this  objection,  by  mixing  93  per  cent, 
of  warm  nitro-glycerine  with  7  per  cent,  of  nitro-cotton,  the 
latter  being  completely  dissolved,  and  the  mixture  or  rather  com- 
pound yielding,  when  cold,  a  stiff  jelly,  which  contains  at  least  the 
full  latent  energy  of  nitro-glycerine  itself. 

Wherever  we  turn  we  are  met  by  inventions  and  innovations, 
and  one  great  feature  of  our  time  is  that  much  attention  is  being 
paid  to  waste  products  and  to  waste  heat,  as  well  as  to  waste  energy 
generally.  How  much  heat  was  formerly  lost  from  our  blast  furnaces 
that  is  now  utilized?  How  much  still  remains  unused  that  might 
be  employed  for  a  variety  of  purposes?  In  the  south  of  Fi*ance 
common  salt,  muriate  of  potash,  Glauber's  salts,  and  other  products, 
are  obtained  by  the  evaporation  of  sea  water — partly  spontaneous, 
of  course.  What  is  to  hinder  the  waste  heat  from  some  of  our 
blast  furnaces,  such  as  those  of  Ardeer,  Eglinton,  Glengarnock, 
and  Kinneil,  from  being  applied  to  the  recovery  of  the  treasures 
of  the  sea?  I  estimate  that  there  is  as  much  heat  at  present  being 
absolutely  wasted  from  these  4  furnaces  alone  as  would  produce 
10,000  tons  of  common  salt,  300  tons  of  muriate  of  potash,  and 
2,000  tons  of  Glaubei-'s  salts  per  annum ;  but  there  is  nothing  to 
hinder  sea  water  being  pumped  to  any  great  iron-making  centre, 
such  as  that  of  Coatbridge.  Here,  then,  would  indeed  be  a  field 
for  the  manufacture  of  ammonia-soda,  with  both  brine  and  ammonia 
on  the  lowest  possible  terms.  Iron-masters  may  laugh,  but  I  can 
assure  you  that,  ten  years  ago,  they  would  have  ridiculed  quite  as 
much  the  idea  of  making  sulphate  of  ammonia  in  an  iron  work 
as  they  could  possibly  do  the  pi-oduction  of  soda  and  potash 
salts. 

In  short,  the  time  has  gone  past  when  objections  to  the  adoption 
of  a  supplementary  manufacture  can  be  raised  on  the  ground  that 
it  is  incongruous  or  not  in  keeping  with  the  existing  one,  and  T 
have  no  doubt  the  most  of  us  will  live  to  see  some  combinations  in 
that  respect,  which  at  present  are  not  even  di*eamed  of. 
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XXI. — Notes  on  Nitro-glyceriiiey  Dymmite,  and  Blasting  Gelatine. 
By  George  M*Roberts,  F.C.S. 


[Read  before  the  Society,  2oth  April,  1883.] 


When  I  began  the  preparation  of  this  article,  I  had  to  consider 
whether  I  should  give  you  a  brief  resume  of  what  is  known  of 
nitro-glycerine  and  its  preparations,  or  select  some  branch  of  the 
subject,  and  give  it  a  fuller  treatment.  After  due  consideration, 
I  have  deemed  it  best  to  glance  at  the  subject  all  round,  selecting 
here  and  there  a  few  points  for  fuller  discussion.  It  is  impossible, 
in  the  limits  assigned  to  this  paper,  to  do  more. 

I  do  not  intend  to  give  a  history  of  the  introduction  of  nitro- 
glycerine, nor  of  its  applications  in  blasting;  but  1  shall,  as  briefly 
as  possible,  refer  to  some  of  its  properties.  It  "will  be  of  interest, 
however,  if,  lirst,  I  give  a  short  account  of  the  method  of  manu  • 
facture  as  followed  at  most  of  the  factories  associated  with  the 
name  of  Mr.  Nobel. 

Nitro-glycerine,  which  has  been  known  to  chemists  since  1847, 
has  been  of  practical  importance  only  since  1863.  It  is  readily 
prepared  on  a  small  scale  by  dropping  glycerine  into  a  mixture 
of  strong  nitric  and  sulphuric  acids,  the  whole  being  kept  at  as 
low  a  temperature  as  possible.  That,  in  fact,  was  the  method 
followed  by  Sobrero,  who  discovered  nitro-glycerine  in  1846. 
But  on  the  large  scale  upon  which  a  manufacturing  operation  has 
to  be  conducted,  such  a  method  is  inapplicable.  The  acids  are 
first  mixed  together  and  cooled,  by  means  of  cold  water  and  by 
agitation  with  compi-essed  air.  They  ai-e  then  run  into  a  large 
leaden  apparatus,  which  is  kept  cool  by  being  surrounded  with  cold 
water,  and  by  running  cold  water  through  leaden  worms,  which 
coil  round  the  interior  of  the  apparatus.  When  the  acids  have 
fallen  to  a  low  enough  temperature,  glyceiine  is  injected  into  the 
mixture  by  means  of  compressed  air,  driven  through  a  peculiar 
Vol.  XIV.  s 
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kind  of  injection  apparatus.  The  glycerine  enters  the  acids  in  a 
fine  spray,  and  is  immediately  nitrated.  Considerable  heat  is 
developed  during  the  process.  A  delicate  thermometer,  graduated 
to  tenths  of  a  degree  centigrade,  dips  into  the  mixture  of  acids 
and  nitro-glycerine,  and  is  carefully  watched  by  an  attendant 
during  the  operation.  The  temperature  is  thoroughly  under  control 
by  the  admirable  means  adopted,  and  it  is  never  allowed  to  exceed 
at  any  part  of  the  operation  a  certain  fixed  limit.  Apart  alto- 
gether from  the  danger  of  allowing  the  temperature  to  become  too 
high,  it  is  found  that  when  it  exceeds  the  limit  assigned  other 
bodies  than  nitro-glycerine  are  formed,  and  there  is  a  corresponding 
loss  of  nitro-glycerine.  The  end  of  the  nitration  is  made  known 
at  once  to  the  attendant  by  the  fall  of  the  thermometer,  and 
when  the  temperature  has  descended  to  a  certain  degree,  the 
contents  of  the  nitrating  apparatus,  amounting  to  about  4  tons 
of  acids  and  nitro-glycerine,  are  run  off  into  another  leaden  tank 
in  a  separate  building,  in  which  the  mixture  is  allowed  to  stand  for 
some  time.  The  nitro-glycerine  being  of  less  specific  gravity 
than  the  mixed  acids,  and  being  insoluble  in  them,  immediately 
commences  to  separate,  and  in  a  short  time — generally  in  about  an 
hour — the  separation  is  complete.  The  nitro-glycerine  is  then 
drawn  off  and  washed  in  water,  and  the  mixed  acids  are  transferred 
to  a  settling  tank,  where  any  globules  of  nitro-glycerine  remaining 
in  the  acid  come  to  the  surface,  and  are  subsequently  removed. 
The  acids  are  preserved  for  further  treatment,  and  are  again  utilised 
in  the  manufacture.  The  nitro-glycerine,  after  copious  washing 
with  water,  is  finally  washed  in  an  alkaline  solution,  until  every 
trace  of  free  acid  has  disappeared.  It  is  then  carefully  filtered  into 
another  tank,  in  which  it  is  stored  until  required  for  conversion 
into  dynamite.  Throughout  every  part  of  the  process,  the  opera- 
tions are  carefully  superintended  by  an  experienced  chemist  and 
by  a  foreman,  as  any  abnormal  increase  of  temperature,  or  any 
deviation  from  the  routine  method  of  working,  might  be  followed 
by  an  accident.  The  arrangements  and  discipline  are  so  good, 
however,  that  until  now  there  has  been  no  fatal  accident  in  the 
nitro  glycerine  department  at  Ardeer. 

As  may  be  readily  understood,  all  the  materials  used  in  the 
manufacture  require  to  be  the  best  of  their  kind.  The  sulphuric 
acid  is  the  purest  and  most  highly  concentrated  it  is  possible  to 
obtain  in  commerce.  The  nitric  acid  is  manufactured  at  Ardeer. 
It  is  of  a  uniform  gravity  of  1  -50,  and  is  of  a  pale  straw  colour. 
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The  nitrate  of  soda,  from  whicli  the  nitric  acid  is  obtained,  never 
contains  more  than  '5  per  cent,  of  chlorides,  and  seldom  so  much. 
The  glycerine  is  practically  anhydrous.  It  is  of  1*26  specific 
gravity,  and  is  free  from  lime,  iron,  alumina,  chlorides,  and  fatty 
acids.  The  presence  of  iron  and  alumina,  either  in  the  glycerine 
or  in  the  acids,  is  found  seiiously  to  interfere  with  the  separation 
of  the  nitro-glycerine.  A  similar  remark  applies  to  chlorine.  If 
the  acids  are  not  of  the  highest  gravity,  there  is  an  immediate 
falling  off  in  the  yield  of  nitro-glycerine;  but  when  they  are  kept 
of  uniformly  high  gravity,  and  good  glycerine  of  1*26  specific 
gravity  is  regularly  used,  the  yield  of  nitro-glycerine  is  astonishingly 
regular.  The  specific  gravity  of  the  mixed  acids  before  the  intro- 
duction of  the  glycerine  is  found  to  be  about  1-76.  After  the 
separation  of  the  nitro-glycerine,  it  is  1*73,  and  those  acids 
contain  about  11  per  cent,  of  the  oxides  of  nitrogen,  all  capable 
of  reconvei-sion  into  nitric  acid.  The  chemical  reactions  in  the 
conversion  of  glycerine  into  nitro  glycerine  may  be  thus  shown — 

( \H,0,  -f  3HN0,  =  C3H,0,  +  SH^O. 
H,  ^(NOo). 

The  water  formed  during  the  process  is  taken  up  by  the  sulphuric 
acid. 

From  this  equation,  it  appears  that  one  part  of  glycerine  ought 
to  yield  2*46  parts  of  nitro-glycerine,  but  in  practice  only  2  parts 
are  obtained  for  1  of  glycerine  as  a  rule.  On  the  working  scale 
it  may  be  broadly  stated  that  1  2  tons  of  nitric  acid  of  1  "5  specific 
gravity,  and  2  tons  of  sulphuric  acid  of  1*84  specific  gravity,  and 
Ih  cwts.  of  glycerine,  of  1*26  specific  gravity,  yield  15  cwts.  of 
nitro-glycerine.  The  reason  of  this  smaller  yield,  no  doubt,  is  that 
in  the  process  of  nitration  a  number  of  obscure  nitro  bodies  are 
formed,  which  are  washed  away  in  the  subsequent  operations. 

Nitro-glycerine  is  a  dense,  oily  fluid.  When  pure,  it  is  colour- 
less as  water;  but  as  obtained  on  the  commercial  scale  it  is  of  a 
pale  brown  colour.  Its  specific  gravity  is  1  '6.  It  is  soluble  in  all 
proportions  in  acetone,  acetic  ether,  aldehyde,  acetic  acid, 
nitric  acid,  benzol,  nitro-benzol,  ether,  and  a  mixture  of  ether  and 
alcohol,  and  in  chloroform.  It  is  soluble  in  1*75  parts  methylic 
alcohol,  and  2  8  parts  absolute  alcohol;  sparingly  soluble  in 
sulphuric  acid,  amylic  alcohol ;  and  practically  insoluble  in 
water  and  carbon  disulphide.  The  solution  of  nitro-glycerine 
in  wood  spirit  renders  the  fomer  inexplosive;  and  Mr.  Nobel 
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before  the  invention  of  dynamite,  recommended  that  method  of 
rendering  nitro-glycerine  safe  for  transport.  It  was  soon  dis- 
covered, however,  that  the  use  of  wood  spirit  had  many  drawbacks. 
It  was  very  troublesome  to  the  miner,  because,  before  he  could  use 
the  nitro-glycerine,  he  had  to  wash  out  the  wood  spirit,  thus 
causing  loss  of  time.  In  cold  weather,  too,  it  was  found  that  the 
nitro-glycerine  crystallised  out,  and  had  then  to  be  thawed  for 
use,  making  it  as  unsafe  as  without  wood  spirit.  That  plan  of 
making  nitro-glycerine  safe  was  therefore  soon  given  up. 

Nitro-glycerine  crystallises  at  about  40**  F.  in  six-sided  prisms, 
and  exposure  for  a  considerable  time  even  to  a  temperature  of 
50®  F.  is  required  beforejt  again  assumes  the  liquid  form. 

Nitro-glycerine,  when  pure,  may  be  kept  any  length  of  time 
without  decomposition.  Until  lately,  I  had  a  sample  of  it  nine 
yeai-s  old,  which  had  undergone  no  deterioration  during  all  that 
time. 

Previously  to  the  invention  of  dynamite,  the  use  of  nitro- 
glycerine as  a  blasting  agent  had  become  very  extended.  Mr. 
NobeFs  factory  in  Sweden  was  kept  busily  employed  to  meet  the 
demand  which  had  arisen  for  the  new  explosive  agent.  It  was 
packed  for  transport  in  tin  cases  containing  about  40  pounds 
weight  of  the  explosive.  It  occasionally  happened  that  these  cases 
leaked  in  transport;  and  an  instance  is  on  i-ecord  in  which  a  leak- 
ing tin  of  nitro-glycerine  was  successfully  soldered  at  Rotterdam 
by  a  working  plumber,  without  emptying  the  case.  The  danger 
of  such  a  packing  was  enormous,  because,  in  almost  every  instance 
in  which  a  case  was  allowed  to  fall  on  the  ground  from  the  height 
of  even  a  few  feet,  an  explosion  occurred.  Mr.  Nobel  says — "  A 
tin  cartridge  filled  with  nitro-glycerine  causes  no  explosion  if  it 
drops  from  a  height  of  several  hundi*ed  feet  on  soft  ground;  yet 
that  same  cartridge,  falling  only  three  feet  on  an  anvil,  bottom 
foremost,  is  sure  to  set  the  charge  oft',  though  there  is  not  a  particle 
of  the  explosive  on  the  outside.  Nitro-glycerine  contained  in  a 
wooden  barrel,  headed  with  wood,  would  be  as  safe  against  all 
ordinary  concussion  as  if  it  were  common  oil;  the  only  danger 
could  spring  from  leakage,  which  might  expose  it  to  a  direct  blow, 
but  even  that  must  be  uncommonly  strong  to  become  dangerous 
unless  produced  by  two  hard,  sonorous  bodies  striking  against  one 
another.  When  canisters  to  hold  nitro-glycerine  were  first 
adopted,  its  sensitiveness  to  vibration  was  very  imperfectly  known, 
and  the  square  form  easily  given  to  a  metallic  receptacle  was 
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necessary  to  allow  for  the  expansion  of  nitroglycerine  at  the 
moment  of  its  crystallisation,  when,  like  water  or  glycerine,  it 
bursts  a  cylindrical  vessel  in  which  it  is  contained.  Later  on  the 
fuU  extent  of  the  danger  only  made  itself  too  well  known  through 
fearful  accidents,  caused  in  most  instances  by  gross  carelessness 
in  dealing  with  it,  but  proving  not  the  less  that  it  could  not, 
without  material  alteration,  remain  an  article  of  commerce."  The 
numerous  accidents  in  transport  had  such  an  effect  on  the  public 
of  this  country  and  on  the  Government,  that,  in  1869,  the  nitro- 
glycerine Act  was  burned  through  Parliament,  which  finally 
excluded  nitro-glycerine,  so  far  as  this  country  was  concerned, 
from  the  list  of  commercial  articles. 

Nitro-glycerine  has  a  sweetish  pungent  taste.  It  produces 
intense  headache  in  those  who  handle  it  for  the  first  time.  The 
headache  is  accompanied  by  diminished  action  of  the  heart,  cold 
of  the  extremities,  nausea,  and  vomiting.  A  nitro-glycerine 
headache  is  one  of  the  worst  possible;  but,  curiously  enough,  if 
the  person  affected  by  it  continues  to  handle  the  explosive  material, 
the  headache,  in  the  course  of  a  day  or  two,  disappears  and  does 
not  recur.  The  workmen  who  work  with  nitro-glycerine  every 
day  never  have  headache,  and  are,  in  fact,  remarkably  free  from 
diseases  of  any  kind.  Of  late,  nitro-glycerine  has  been  used  in 
medicine  for  certain  diseases  of  the  heart,  and  notably  in  Aiigina 
Pectoris,  with  good  results. 

When  nitro -glycerine  is  spread  in  a  thin  layer  on  an  unyielding 
metallic  surface,  and  is  exposed  to  the  blow  of  a  hammer,  it  explodes 
more  readily  than  even  fulminate  of  mercury  under  similar 
circumstances — that  is,  fulminate  of  mercury  requires  a  harder 
blow  to  explode  it  than  does  nitro-glycerine.  When  nitro- 
glycerine is  in  a  crystallised  state  it  is  not  so  liable  to  explosion  as 
in  the  liquid  form.  This  is  contrary  to  the  general  public  belief. 
As  a  matter  of  fact,  I  have  seen  pieces  of  frozen  nitro-glycerine 
thrown  with  great  force  and  shattered  against  an  iron  plate  without 
producing  explosion;  and  minera  in  America  and  in  Austria  have 
been  known  to  break  up  blocks  of  frozen  nitro-glycerine  by  means 
of  a  pick.  In  fact,  in  the  United  States,  where  nitro-glycerine  in 
the  liquid  form  is  recognised  as  the  most  useful  explosive,  it  is  now 
frozen  in  the  tins  before  leaving  the  factory,  and  in  that  condition 
it  is  transported  in  pei-fect  safety  to  its  destination.  Thoroughly 
frozen  nitro-glycerine  cannot  be  got  to  detonate  even  with  a 
detonator  containing  so  much  as  1  gramme  of  fulminate  of  mercury ; 
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whereas,  when  unfrozen,  u  detonator  charged  with  the  tenth-part 
of  a  gramme  is  sufficient  to  explode  it.  The  popular  belief  in  the 
extreme  danger  of  frozen  nitro-glycerine  has  possibly  arisen  from 
erroneous  reports  as  to  the  causes  of  certain  nitro-glycerine 
accidents. 

When  nitro- glycerine  is  thrown  on  a  hot  metal  plate,  its 
behaviour  depends  on  tlie  temperature  of  the  metal.  If  the  plate 
has  not  attained  the  heat  of  redness,  the  nitro-glycerine  lies  a  short 
time  and  then  explodes.  If  the  temperature  is  a  little  higher,  it 
goes  off  in  red  fumes;  and  if  the  plate  is  red-hot  the  nitro-glycerine 
takes  fire  and  burns  away.  The  temperature  at  which  nitro- 
glycerine explodes  is  usually  stated  to  be  between  SSO**  and  400°  F. 
The  experiments  to  ascei^tain  the  exploding  point  have  not  been 
very  precise,  but  an  explosion  can  be  brought  about  by  merely 
heating  the  nitro-glycerine  to  a  point  where  decomposition  sets  in. 
The  decomposition  itself  speedily  raises  tlio  temperature  to  the 
point  of  explosion. 

Nitro-glycerine,  and  the  various  explosive  mixtures  of  which  it 
forms  a  part,  would  have  been  of  little  use  iu  blasting  had  it  not 
been  for  the  discovery  of  a  ready  means  of  effecting  their  explosion. 
Mr.  Nobel  has  explained  the  reasoning  by  which  he  was  led  to  the 
discovery  of  tlie  special  method  of  detonation,  which  is  now  in  use. 
He  had  observed  that  when  a  hammer  strikes  an  anvil  on  which 
there  is  a  thin  coating  of  nitro-glycerine,  if  the  blow  is  light  the 
nitro-glycerine  explodes  only  under  the  hammer,  just  where  it 
I'eceives  the  blow ;  but  if  the  stroke  is  a  heavy  one,  the  whole  coat- 
ing of  niti-o-glycerine  explodes.  He  reasoned  thus: — The  blow 
of  the  hammer  produces  a  strong  compression  of  the  liquid  and 
raises  its  temperature  to  the  exploding  point,  and  if  I  can,  by  means 
of  a  local  detonation,  give  a  blow  and  i-aise  the  temperature  of  the 
nitro-glycerine  locally,  as  is  done  by  the  blow  of  the  hammer,  an 
explosion  must  fellow.  Thus  reasoning,  he  was  led  to  try  strongly- 
confined  detonating  mixtures,  and  eventually  found  that  the 
detonation  of  nitro-glycerine  could  be  rendered  certain  by  using  a 
kind  of  strong  copper  cap  charged  with  fulminate  of  mercui-y. 
The  spark  which  sets  off  the  powder  in  the  detonator  was  conveyed 
to  it  by  means  of  an  ordinary  safety  fuse.  Specimens  of  the 
detonators  and  fuse  are  here  shown. 

Having  thus  briefly  alluded  to  nitro-glycerine,  I  now  proceed 
to  consider  it  in  the  form  of  dynamite,  by  which  it  is  so  modified 
in  its  physical  condition  that  it  is  rendered  comparatively  safo 
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to  use,  and  is  certainly  free  from  many  of  the  objections  that  were 
urged  against  tlie  use  of  nitro-glycerine.  Dynamite  may  be 
defined  as  nitro  glycerine  absorbed  in  porous  substances.  Those 
substances  may  be  explosive  or  not.  In  the  first  dynamite 
charcoal  was  used  as  the  absorbing  material;  then  sawdust  was 
tried,  brick-dust,  j)aper,  rags,  and  numerous  other  materials. 
Finally,  the  substance  known  as  kieselguhr,  or  earth  meal, 
was  fixed  upon  by  Mr.  Nobel  as  the  best  absorbent.  Kieselguhr 
is  found  in  many  countries.  It  is  the  mineral  remains  of  a 
kind  of  moss  that  grows  in  stagnant  water.  The  stem  consists 
chiefly  of  silica;  and,  when  the  organic  substance  of  the  plant 
decays,  the  silicious  j)art  remains,  and  retains  the  shape  it  had 
when  it  formed  a  portion  of  the  plant — that  is,  a  kind  of  tube. 
Beds  of  kieselghur  are  found  in  Aberdeenshire,  where  they  form, 
in  some  cases,  the  bottoms  of  peat  mosses,  and  it  is  from  that 
source  that  Ardeer  derives  some  of  its  supplies .  Kieselghur  absorbs 
three  or  four  times  its  weight  of  nitro-glycerine,  and  has  this 
advantage  over  other  absorbents  that  it  retains  the  nitro-glycerine 
under  considerable  pressure.  At  Ardeer  the  raw  kieselghur  is 
calcined  in  a  peculiar  kind  of  kiln  to  drive  off  water  and  organic 
matter.  What  remains  after  calcination  is  ground  and  sifted  to 
remove  sand,  and  only  that  wliich  passes  through  the  sieve  is  used 
in  the  manufacture  of  dynamite.  An  analysis  of  it  gives  about  98 
per  cent,  of  j)ure  silica.  There  are  traces  of  lime  and  iron.  The 
kieselghur,  thus  prepared,  is  used  in  the  proportion  of  25  per  cent, 
of  kieselgliur  to  75  per  cent,  of  nitro-glycenno.  The  resulting 
product  is  a  reddish  brown,  moist  powder.  The  specific  gravity  of 
dynamite  varies  from  about  1*59  to  1*65.  When  set  fire  to  with 
a  match  or  fuse,  it  burns  quickly,  with  a  yellowish  flame,  giving 
off  nitrous  fumes.  Large  quantities  can  be  thus  burnt  without 
explosion ;  but  eventually  a  point  is  reached  when  the  unconsuuied 
mass  becomes  heated  by  the  combustion  of  the  rest  to  the  point 
of  explosion,  when,  of  course,  it  instantly  goes  ofi'.  As  a  rule, 
dynamite  freezes  at  about  40**  Fahr. ;  but  it  is  a  rule  not  without 
exception,  as  I  have  found  unfrozen  cartridges,  in  the  middle  of 
winter,  lying  in  the  boxes  alongside  of  completely  frozen  cartridges. 
When  dynamite  is  frozen  it  bums  very  slowly,  because  it  has 
to  thaw  before  burning ;  and,  if  a  burning  cartridge  be  watched,  it 
will  be  seen  that  the  thawing  of  the  cartridge  goes  in  advance  of 
the  combustion  by  about  1-1 6th  of  an  inch  only.  The  burning 
l)eing  thus  very  slow,  a  portion  of  the  dynamite  gets  heated  up  to 
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the  explosion  point  before  the  fire  can  reach  it,  and  an  explosion 
follows,  in  some  cases  before  4  or  5  cartridges  can  be  consumed. 
I  have  more  than  once  got  an  explosion  by  making  a  pile  of  eight 
frozen  cartridges,  and  lighting  the  bottom  one.  Before  they  were 
all  consumed  an  explosion  occurred.  Professor  Abel  has  offered  the 
following  explanation  of  this  phenomenon.  He  supposes  that  the 
cartndges  are  not  uniformly  frozen  throughout,  and  that  strongly 
frozen  portions  enclose  parts  less  frozen,  and  that  the  heat  of 
combustion  raises  one  or  other  of  the  less  frozen  parts  to  the 
exploding  point  before  the  hard  frozen  outer  part  has  begun  to 
thaw.  Pressure  is  thus  developed  sufficient  to  cause  an  initial 
detonation,  which  immediately  sets  off  the  remainder  of  the 
dynamite. 

When  a  rifle  or  pistol  bullet  is  fired  through  a  mass  of 
dynamite,  whether  in  a  packing-case  or  spread  out  loosely  in  the 
open  air,  an  explosion  follows  instantly;  but  when  the  cartridges 
are  frozen,  a  rifle  bullet  may  be  fired  through  them  without  causing 
explosion.  The  ordinary  detonator  does  not  explode  thoroughly 
frozen  dynamite,  although  one-tenth  part  of  the  detonator  charge 
is  sufficient  to  set  it  oft'  when  the  dynamite  is  not  frozen.  It 
is  thus  seen  that  frozen  dynamite  is  safer  than  unfrozen  dynamite, 
in  so  far  as  it  is  more  difficult  to  explode,  and  in  that  respect  it 
resembles  nitro-glycerine. 

When  frozen  dynamite  is  laid  on  a  steam  pipe  or  near  a  fire, 
to  thaw,  there  is  risk  of  a  portion  of  it  becoming  heated  to  the 
exploding  point  before  the  whole  of  the  cartridge  has  become 
thawed,  and  great  care  has  to  be  exercised  to  avoid  overheating. 
It  is  safely  and  readily  thawed  by  heating  it  in  a  water  oven,  the 
water  of  which  is  at  a  temperature  of  80'  to  100**  Fahr. 

The  chemical  reaction  and  the  resulting  products  from  the 
explosion  of  nitro-glycerine  may  be  thus  shown — 

2(C3H503)  =  6C0.  +  6N  +  5HoO  +  O. 
3(N0,). 

It  is  thus  seen  that  every  molecule  of  nitro-glycerine  has  half 
an  atom  of  oxygen  to  spare  over  and  above  what  is  required  for 
the  oxidation  of  the  carbon  and  hydrogen  contained  in  itself. 
This  oxygen  is  utilized  in  the  new  explosive  (also  an  invention 
of  Mr.  NobeFs)  called  blasting  gelatine. 

Blasting  gelatine  is  the  latest  nitro-glycerine  preparation  that 
has  been  brought  before  the  public,  and  it  merits  more  than  a 
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passing  notice.  It  consists  of  nitro-glycerine,  incorporated  with  a 
mixture  of  mono-  and  bi-nitro-cellulose.  The  nitro-cellulose,  if  it 
is  free  from  unnitrated  cotton  and  from  tri-nitro-cellulose,  readily 
dissolves  in  the  nitro-glycerine,  with  the  aid  of  heat,  forming  with 
it  a  viscid  substance,  somewhat  elastic,  and  semi-transparent. 

In  preparing  blasting  gelatine  93  parts  (by  weight)  of  nitro- 
glyceiine  are  taken,  and  7  parts  of  nitro-cotton.  The  nitro- 
glycerine is  heated  by  the  aid  of  water  at  50°  C,  and  the  nitro- 
cotton,  in  a  fine  state  of  division,  is  added  to  it  in  small  portions 
at  a  time,  the  whole  being  kept  in  agitation  by  means  of  mechanical 
stirring.  The  temperature  is  never  allowed  to  exceed  a  certain 
limit,  because,  owing  to  the  heating  and  mixing  being  done  in  a 
copper  vessel,  small  rises  of  temperature  beyond  the  fixed  limit 
would  lead  to  danger.  That  limit  is  35°  C,  at  which  the  nitro- 
cotton  is  perfectly  soluble  in  nitro-glycerine,  and  at  which  the 
operations  can  be  safely  carried  on.  As  the  stirring  proceeds, 
the  nitro-cotton  and  nitro-glycerine  gelatinise,  and  in  the  course 
of  an  hour  the  material  forma  a  homogeneous  mass,  somewhat 
resembling  thin  dough  in  consistency.  As  it  cools,  the  blasting 
gelatine  becomes  stifier,  and  assumes  a  semi-transparent  aspect 
During  the  whole  process  the  thermometer  has  to  be  carefully 
watched,  as  the  range  of  safety  is  not  a  great  one,  and  any  care- 
lessness on  the  part  of  the  chemist  or  the  foreman  in  charge, 
might  result  in  an  explosion.  The  manufacture  is  thus  attended 
with  considerable  difficulty  and  danger;  but  once  made,  blasting 
gelatine  is  the  safest  of  explosives. 

At  low  temperatures  blasting  gelatine  freezes  into  a  hard, 
whitish  solid  of  crystalline  structure;  but  the  ex«Lct  temperature  at 
which  freezing  takes  place  has  not  been  ascertained,  as  cartridges 
are  sometimes  found  to  resist  freezing  for  24  hours,  although  kept 
during  that  time  in  a  mixture  of  ice  and  salt.  Other  cartridges 
are  found  to  freeze  readily  at  about  35**  to  40"^  F.  Frozen  gelatine 
is,  in  some  respects,  more  easily  exploded  than  unfrozen  gelatine. 
A  rifle  bullet  can  be  fired  through  any  number  of  unfrozen  gelatine 
cartridges  without  exploding  them,  but  when  a  shot  is  fired 
similarly  through  frozen  cartidges  they  never  fail  to  go  off*.  In 
this  respect  blasting  gelatine  behaves  exactly  the  reverse  of 
dynamite.  The  transmission  of  detonation  through  blasting 
gelatine  when  unfrozen  is  much  more  slow  than  through  either 
nitro-glycerine  or  dynamite,  but  when  the  cartridges  are  frozen  the 
detonation  appears  to  be  quite  as  rapid  as  in  dynamite.  The 
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comparatively  slow  detonation  of  blasting  gelatine  is  of  great  use 
in  blasting  mild  or  soft  rock,  as  the  crushing  action  of  a  slow 
explosive  is  not  so  violent  as  that  of  a  quick  explosive,  but  the 
i-ending  effect  is  greater  if  the  explosive  is  well  confined,  and  the 
rock  can  thus  be  blasted  in  larger  blocks;.  Blasting  gelatine  cannot 
be  exploded  in  trains  in  the  open  as  dynamite  can,  so  that  for 
certain  engineering  purposes  it  will  never  supersede  dynamite. 
It  explodes  readily  when  confined  in  boreholes,  no  matter  what 
may  be  the  size  of  the  charge.  It  is  now  rapidly  supei-seding 
dynamite  in  various  mining  operations. 

Blasting  gelatine  is  insoluble  in  water,  in  which  it  may  be  kept 
any  length  of  time  without  deterioration.  Its  specific  gravity  is 
1*65  to  1'59.  It  is  soluble  in  acetic  ether,  acetone,  aldehyde, 
and  ether  alcohol.  Blasting  gelatine  may  be  looked  upon  as  a 
})erfect  explosive,  because  on  explosion  it  is  resolved  entirely  into 
COjs,  HjO,  and  N,  there  being  just  enough  of  O  in  it  to  combine 
with  the  C  and  H. 

As  blasting  gelatine  is  insoluble  in  water,  and  is  not  in  any  way 
affected  by  it,  it  must  come  to  be  of  great  use  eventually  in  sub- 
aqueous blasting.  Dynamite  is  subject  to  the  disadvantage  of 
parting  with  its  nitro-glycerine  if  it  is  allowed  to  remain  for  an 
hour  or  two  under  water,  but  blasting  gelatine  may  remain  sub- 
merged for  months,  and  it  will  then  blast  as  effectively  as  when 
first  put  into  the  hole. 

It  has  been  lately  sought  to  use  blasting  gelatine  in  shells,  but 
the  material  in  its  present  form  does  not  appear  to  be  well  adapted 
to  such  a  purpose.  In  order  to  render  it  less  sensitive,  so  that  the 
shell  might  be  fired  from  the  gun  without  risk  of  exploding  the 
charge,  the  gelatine  had  incorporated  with  it  about  three  to  five 
per  cent  of  camphor.  The  camphor  had  the  effect  of  rendering 
the  gelatine  so  insensible  to  shock  that  even  the  blow  of  the  shell 
against  an  iron  target  failed  to  set  it  off,  and  the  gelatine  was 
gathered  up  in  bits  all  round  the  target.  The  effect  of  increasing 
the  proportion  of  nitro-cotton  in  gelatine,  and  diminishing  that  of 
nitro-glycerine,  is  to  lessen  its  sensibility  to  explosion;  and 
gelatine  made  tough  with  9  or  10  per  cent  of  nitro-cotton  cannot 
be  got  to  explode  with  a  detonator  containing  12  grains  of 
fulminate  of  mercury  and  chlorate  of  potassium.  On  the  other 
hand,  when  gelatine  is  made  of  a  viscid  consistency — such  that 
when  a  cartridge,  depiived  of  its  wrapper,  is  allowed  to  stand  on  a 
porcelain  plate,  and  begins  to  spread  itself  out,  the  ordinary 
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detonator  in  use  for  exploding  dynamite  never  fails  to  explode  it. 
The  relative  sensibility  to  detonation  of  blasting  gelatine,  as 
compared  with  dynamite,  has  been  carefully  ascertained  at  Ardeer 
by  numerous  experiments.  It  is  found  that  while  No.  1  dynamite 
can  be  unfailingly  exploded  by  a  detonator  charged  with  0*8  grains 
of  cap  mixture,  the  minimum  quantity  required  to  explode  the 
best  blastiug  gelatine  is  3  grains;  and  that  if  the  gelatine  is  tough 
(that  is,  if  it  contains  an  extra  proportion  of  nitro-cotton)  it  fails 
to  detonate  completely  even  with  a  12-grain  charge  of  cap  com- 
position. As  those  experiments  have  been  done  under  the  most 
favourable  conditions — (that  is,  the  cap  composition  placed  in 
actual  contact  with  the  explosive),  it  is  necessary — to  get  unfailing 
explosions  with  tough  blasting  gelatine — to  use  in  actual  mining, 
a  detonator  with  at  least  one  gramme,  or  16  grains,  of  cap  composi-' 
tion,  or  the  charge  would  have  to  be  set  off  by  a  dynamite  primer. 

It  is  of  great  advantage  to  manufacturers  of  explosives  to  be 
able  at  any  time  to  test  their  comparative  power  for  blasting,  and 
various  methods  have  been  adoi)ted  from  time  to  time  with  that 
object.  Some  experimenters  use  a  mortar  fixed  permanently  on  a 
strong  bed,  at  an  angle  of  45''  with  the  horizon,  and  they  use 
weighed  charges  to  propel  the  mortar  shot.  The  distance  thrown 
is  regarded  as  the  test  of  the  strength.  That  method  gives  toler- 
ably good  practical  results,  but  it  is  subject  to  many  inconveniences. 

For  a  considerable  time  back  I  have  adopted  a  new  and  a  better 
method,  which  gives  fairly  good  results,  without  the  inconvenience 
of  the  fixed  mortar,  and  I  shall  now  describe  it.  A  cast-iron 
mortar,  weighing  about  600  lbs.,  is  suspended  by  light  iron  rods  in 
a  powerful  frame.  The  distance  between  the  points  of  suspension 
and  the  centre  of  the  trunnions  is  exactly  10  feet.  The  bearings 
are  very  accurate,  and  the  mortar  swings  so  easily  that  a  very 
slight  push  is  sufficient  to  move  it.  The  bore  of  the  mortar  is  set 
permanently  horizontal.  The  projectile  fits  the  bore  gas-tight. 
Behind  the  chamber  for  the  projectile  there  is  a  small  recess  to 
receive  the  explosive.  When  a  shot  is  fired  the  projectile,  which 
weighs  about  40  lbs.,  is  driven  forward,  while  the  mortar  itself 
swings  back.  It  carries  with  it  a  pencil,  which  marks  on  a 
graduated  index  the  angle  of  its  flight  The  effect  in  work  done 
by  the  shot  is  the  raising  of  the  mortar  through  the  versed  sine  of 
of  that  angle,  multiplied  by  2  ;  because  the  work  in  throwing 
the  shot  is  equal  to  that  done  in  raising  the  mortar.  The  angles 
have  been  all  calculated,  and  the  work  done  in  raising  the  weight 
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through  the  vereed  sines  of  those  angles  reduced  to  foot  pounds, 
and  marked  on  a  board  on  the  framework  of  the  mortar,  so  that 
the  assistant  who  fires  the  shots  has  only  to  note  the  angle  and 
read  oflf  the  foot  pounds  for  every  shot  he  fires.  The  work  of 
testing  is  thus  easily  and  quickly  done.  With  that  apparatus  it 
has  been  found  that  the  effective  power  of  the  undemoted  explosives 
is  as  given  below,  using  a  charge  of  10  grammes,  and  firing  in  every 
case  by  means  of  a  fuse  and  detonator : — 

Foot  Pounds. 


Blasting  gelatine,  consisting  of  93  per  cent,  of  nitro-glycerine 

and  7  per  cent,  of  nitro-cotton,    1,400 

Nitro-glycerine,  ...       ...                ...                ...       ...  1,270 

No.  1  dynamite,   900 

No.  2  dynamite,  consisting  of  18  parts  of  nitro-glycerine, 
71  parts  of  nitrate  of  potash,  10  parts  of  charcoal,  and  1 

X^art  paraffin,    ...    531 

ArVestquarter  Factory  mixture  for  detonators,  consisting  of 

70  parts  fulminate  of  mercury  and  30  parts  KCIO3.  481 

Gun-cotton,    462 

Fulminate  of  mercury,   307 

Curtis  &  Harvey's  extra  strong  gunpowder,   272 


Note. — Tftc  reason,  no  doubts  why  the  gun-coUon  shows  so  poorly  in 
this  table  is  that  its  explosion  in  the  viortar  was  imperfect. 

A  moi*tar  test  can  give  no  accurate  scientific  indication  of  the 
heat  or  tension  of  the  gas  evolved,  or  of  the  total  force  of  an 
explosive ;  but  it  gives,  in  a  fairly  accurate  way,  the  measure  of 
the  total  practical  eftect  likely  to  be  got  in  blasting.  Hence  its 
utility  to  manufacturers. 

The  method  of  testing  explosives  described  above  is  applicable 
only  to  those  that  detonate,  or,  in  other  words,  to  those  explosives 
whose  conversion  into  gas  is  practically  instantaneous.  If  the 
explosive  is  a  slow  one,  such  as  gunpowder,  the  projectile  may 
have  escaped  from  the  mortar  before  the  whole  charge  is  consumed, 
but  with  detonating  mixtures  the  explosion  is  so  rapid  that  there 
can  be  no  doubt  that  the  conversion  into  gas  is  complete  even 
before  the  projectile  has  begun  to  move.  The  explosion  of  a 
charge  of  dynamite,  for  instance,  does  not  occupy  more  than  the 
20,000th  part  of  a  second. 

We  are  indebted  to  Professor  Abel  and  Captain  Noble  for 
making  known  to  us  the  velocity  with  which  explosion  is  trans- 
mitted through  gun-cotton,  dynamite,  and  nitro-glycerine,  and 
certain  other  explosives.    The  chix)noscope  of  the  latter  gentleman, 
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which  was  the  measuring  instrument  used,  showed  that  explosion 
is  transmitted  througli  trains  of  dynamite  at  the  rate  of  20,000  to 
24,000  feet  per  second. 

At  this  rate  the  explosion  of  a  cartridge  a  foot  long  must  only 
occupy  the  24,000th  part  of  a  second.  A  ton  of  dynamite  cart- 
ridges of  the  usual  size — about  |"  diameter — laid  end  to  end  in 
a  line  would  stretch  a  mile,  and  the  whole  train  could  be  ex- 
ploded in  the  one-fourth  part  of  a  second  by  firing  a  cartridge 
at  either  of  the  ends.  If  fired  in  the  middle  of  the  line  the 
explosion  would  be  transmitted  both  ways,  and  would  occupy  only 
the  eighth  part  of  a  second.  The  facility  with  which  dynamite 
can  be  fired  in  trains  offers  great  advantage  in  many  engineering 
operations,  such  as  where  it  is  required  to  blow  down  an  arch 
or  a  wall.  It  is  enough  to  lay  a  train  of  cartridges  along  the 
crown  of  the  arch,  or  along  the  bottom  of  the  wall,  and  explode 
one  cartridge  in  the  usual  way  with  a  detonator.  The  whole 
train  goes  off  instantly. 

The  enormous  velocity  with  which  dynamite  explodes  explains 
the  great  violence  of  its  action,  and  the  tremendous  local  rupturing 
effects  of  even  small  quantities  of  it  exploded  in  the  open,  and 
without  being  enclosed  in  a  case  of  any  kind.  The  detonation  of 
a  cartridge  in  the  24,000th  part  of  a  second  must  produce  an 
enormous  instantaneous  pressure  on  the  spot  on  which  it  explodes. 
For  such  a  sudden  explosion  the  pressure  of  the  atmosphere  itself 
is  sufficient  tamping. 

The  increase  in  the  demand  among  minei*s  for  strong  explosives 
is  very  remarkable.  Since  1867  the  annual  sales  of  dynamite 
from  the  factories  with  which  Mr.  Nobel  is  associated  have  been 


as  follows:— 

In  1867 

11  Tons. 

In  1875 

3,500  Tons. 

1868 

78  „ 

1876 

..     4,300  „ 

1869 

184 

1877 

..     5,500  „ 

1870 

424 

1878 

..    6,200  „ 

1871 

785  „ 

1879 

..     7,000  „ 

1872 

1,350 

1880 

7,500  „ 

1873 

2,050  „ 

1881 

8,500  „ 

1874 

3,120 

1882  . 

9,500  „ 

The  last  two  years  have  been  estimated,  as  there  are  no  precise 
figures  to  go  by.  The  sale  of  such  a  large  quantity  of  explosives 
indicates  a  considerable  amount  of  mining  activity.  Besides  the 
factories  with  which  Mr.  Nobel  is  connected,  numerous  others 
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have  sprung  iuto  existence,  notably  in  Germany  and  in  America. 
In  Austria,  dynamite  is  no  longer  manufactured,  as  there  is  no 
demand  for  it,  its  place  having  been  taken  by  blasting  gelatine. 

It  is  unfortunate  that  in  this  country  the  manufacture  and  sale 
of  explosives  is  hampered  to  a  hurtful  degree  by  legislative  restric- 
tions. Some  restriction  is  no  doubt  necessaiy,  but  in  this  country 
restriction  amounts  in  some  cases  almost  to  prohibition,  if  a  new 
explosive  is  to  be  introduced.  As  the  law  now  stands,  if  a 
manufacturer  discovers  a  new  explosive,  or  a  new  explosive  mix- 
ture, he  cannot  make  working  trials  of  it  without  the  consent  of 
the  Home  Office,  and  without  having  submitted  samples  for  the 
approval  of  the  Homo  Office  Chemist,  to  whom,  as  a  matter  of 
coui-se,  a  fee  must  be  paid.  This  regulation  must  interfere  with 
the  introduction  of  a  new  invention,  because  no  man  will  care  to 
pay  fees  for  the  examination  of  an  explosive  which,  when  it  conies 
to  be  tried,  may  not  take  with  the  public  after  all.  Abroad, 
although  there  are  restrictions  affecting  explosives,  there  are  no 
such  onerous  impediments  as  we  have  here :  hence  foreign  chemists 
and  manufacturers  have  an  advantage  over  us  in  that  respect. 

Accidents  in  the  use  of  nitro-glycerino  preparations  have  been 
very  numerous,  but  it  appears  that  their  proportion  to  the  number 
of  persons  using  explosives  is  decreasing  every  year.  That  is  no 
doubt  partly  owing  to  the  greater  experience  in  their  use.  But 
although  the  use  of  those  explosives  has  been  attended  by  a  con- 
siderable number  of  accidents,  Mr.  Nobel  has  pointed  out  that  it 
has  also  been  accompanied  by  a  considerable  saving  of  life.  Mr. 
Nobel  says  that  that  saving  is  due,  firstly,  to  safety  from  fire 
where  small  quantities  are  dealt  with ;  and,  secondly,  to  the  absence 
of  danger  in  loading  boreholes,  since  there  is  no  longer  any  need 
for  tamping ;  and,  thirdly,  to  the  great  reduction  in  the  number 
of  workers  required  for  doing  the  same  work  as  with  gunpowder. 
By  far  the  greater  number  of  accidents  in  mines  is  due  to  causes 
quite  independent  of  the  use  of  explosives,  and  it  is  evident  that 
their  number  will  bo  reduced  in  the  same  ratio  as  the  number  of 
hands  is  reduced. 

Until  last  year  the  factory  at  Ardeer  was  the  only  one  in 
Great  Britain  at  which  nitro-glycerine  explosives  were  produced, 
but  now  there  are  at  least  two  other  factories  in  course  of  erection 
in  England,  and  one  of  those  already  in  a  position  to  manufacture. 
The  demand  for  nitro-glycerine  explosives  is  likely  to  go  on  increas- 
ing for  a  considerable  time  to  come,  so  that  there  is  no  fear  of  the 
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market  being  overstocked  even  were  there  moi-e  factories  in  exist- 
ence. New  outlets  are  being  found  every  day,  and  the  difficulty 
would  appear  to  be  to  produce  enough  of  such  explosives  to  meet 
the  demand. 

From  the  foregoing  it  will  be  seen  that  of  the  three  explosives — 
nitro-glycerine,  dynamite,  and  blasting  gelatine — the  latter  is  the 
safest  in  every  respect  as  regards  handling,  transport,  and  storage. 

I  have  thus  as  briefly  as  possible  made  reference  to  some  of  the 
properties  of  nitro-glycerine,  and  the  two  chief  of  its  preparations. 
There  has  been  time  merely  to  give  a  kind  of  catalogue  of 
properties  without  enlarging  on  any  of  them.  Some  of  the 
points  passed  over  are  worthy  of  better  treatment,  and  possibly 
on  a  future  occasion  I  may  have  the  honour  of  reading  a  paper  on 
them. 
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XXII. — On  ilus  Action  of  Heat  and  tfve  Chlorides  of  PhosjyJuyrus 
upon  the  Wa/tersalis  of  Hypophosphorous,  PJiosphorous,  and 
PhospJwric  Acids.    By  Otto  Richter,  Pli.D. 


[Read  before  the  Chemical  Section,  2tid  April,  1883.] 


From  a  careful  comparison  of  the  old  system  of  notation  with  his 
own,  the  author  has  satisfied  himself  that  the  piincipal  molecular 
changes  which  take  place  in  a  given  reaction  may  also,  with  equal 
clearness  and  precision,  be  expressed  by  means  of  that  old  system. 
He  therefore  has  bethought  himself  of  provisionally  adopting  the 
same  as  a  familiar  and  suitable  medium  for  rendering  the  said 
molecular  changes  sufficiently  plain  and  intelligible.  Again,  as 
regards  the  process  of  molecular  substitution,  which  plays  such  a 
conspicuous  part  in  almost  every  kind  of  chemical  reactions,  the 
author  would  refer  the  reader  to  a  little  pamphlet  entitled  the 
"  Typo-Nucleus "  Theory,*  where  the  working  of  that  process  is 
fully  described  and  illustrated.  With  these  preliminaries  the 
author  then  proceeds  to  the  discussion  of  the 

First  Part 

of  his  programme,  which  treats  on  the  principal  molecular  changes 
attending  the  action  of  heat  upon  the  watersalts  of  hypophos 
phorous,  phosphorous,  and  phosphoric  acids.  Let  us  bear  in  mind, 
fiifit  of  all,  that  the  watersalts  of  these  acids  are  formed  by  the  sub- 
stitutional action  of  one,  two,  or  three  molecules  of  water  upon  the 
acids  in  question.  In  the  first  place,  a  mol.  of  hypophosphorus 
acid,  P^Oo,  by  combining  with  one  mol.  of  water,  H^O^,  gives 
rise  to  the  first  hydrate,  P^-2(H03).  This  compound  is  then 
speedily  made  to  split  up  into  two  mol.,  P^  —  HO^,  from  which  the 
second  hydrate,  or  bibasic  hypophosphite  of  water,  is  formed, 
according  to  the  equation  P^  -  HOo  +  H.O,  =  (P^,  -  H)  -  2(H0o). 

*  Recently  published  by  Messrs.  Maclachlan  &  Stewart,  Sonth  Bridge, 
Edinburgh. 
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Under  the  influence  of  lieat  two  niol.  of  this  watersalt  are  found 
to  resolve  themselves  into  a  niol.  of  phosphoretted  hydrogen  gas 
and  a  mol.  of  the  ordinary  tribasic  phosphate  of  water,  where  the 
molecular  changes  are  as  follows : — In  the  first  stage  one  of  the 
two  conspiring  hypophosphites  splits  up  into  P^-HOj,  and  a 
mol.  of  HjOj.  The  former  molecule,  after  merging  into  the 
isomeric  modification,  P^Oj-H,  surrenders  its  oxygen  to  the 
remaining  mol.  of  hypophosphite  of  water,  with  formation  of  the 
mol.,  -  H  -  2 (HO 2),  which  soon  passes  into  the  ordinary 

tribasic  phosphite  of  water,  P^  -  3(H0„),  while  P^  -  H  remains. 
In  the  second  stage  the  newly-formed  water-molecule,  by  ceding 
its  oxygen  to  the  phosphite  and  its  hydrogen  to  the  mol.,  P^  -  H, 
gives  rise,  finally,  to  a  mol.  of  the  ordinary  tribasic  orthophosphate 
of  water,  PaOj—  3(H02),  and  a  mol.  of  phosphoretted  hydrogen  gas, 
PaHj.  In  the  second  place,  a  mol.  of  phosphorous  acid,  P4O6,  by 
combining  with  one  mol.  of  water,  gives  rise  to  the  first  hydrate, 
according  to  the  equation.    Ffi^  +  HoOo  =  P4O4  -  2(H02). 

This  compound  soon  resolves  itself  into  two  mol.,  P«Oj-  HOo, 
each  of  which,  by  combining  with  a  mol.  of  water,  engenders  a  mol. 
of  phosphite  of  water,  Pg-  3(H02).  Under  the  influence  of  heat 
four  mol.  of  this  watersalt  give  birth  to  three  mol.  of  ortho- 
phosphate  of  water  and  one  mol.  of  phosphoretted  hydrogen  gas. 
In  this  metamorphosis  one  of  the  four  conspiring  phosphite  of 
water  molecules  breaks  up  into  PoOa  —  HOo  and  HoOs.  The 
former  of  these,  then,  supplies  the  oxygen  for  the  conversion 
of  two  mol.  of  phosphite  into  two  mol.  of  phosphate,  while  Pj  —  H 
remains.  Finally,  the  newly-formed  water-molecule,  by  yielding 
up  its  oxygen  to  the  third  mol.  of  phosphite,  and  its  hydrogen  to 
the  moL  Pj— H,  engenders  the  third  mol.  of  phosphate  and  a  mol. 
of  phosphoretted  hydrogen  gas. 

In  the  third  and  last  place,  a  mol.  of  phosphoric  acid,  P4O10, 
by  combining  with  a  mol.  of  water,  gives  rise  to  the  first  hydrate, 
according  to  the  equation  PPio  +  Ho03  =  P408  -  2(H0,).  When 
this  compound  is  acted  on  by  a  second  mol.  of  water,  and  without 
having  previously  undergone  the  operation  of  splitting,  the  result- 
ing product  will  be  a  mol.  of  the  tetrabasic  pyrophosphate  of  water 
with  the  formula,  P406-4(HOo).  With  a  third  mol.  the  latter 
gives  birth,  finally,  to  the  hexabasic  watersalt,  P4O4  -  6(H0,), 
which  is  speedily  made  to  split  up  into  two  mol.  of  the  tribasic 
orthophosphate  of  water,  PoOo  -  3(H02).  It  is  worthy  of  remark, 
that  one  mol.  of  orthophosphate  and  one  of  metaphosphate  of  water 
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are  capable  of  furnishing  two  mol.  of  pyrophosphate;  and  a  com- 
parison of  their  rational  formulae  will  show  at  a  glance  that  the 
accompanying  molecular  changes  take  place  in  the  following  order : 
— In  the  first  stage  the  orthophosphate  splits  up  into  a  moL  of 
pyrophosphate  and  a  mol.  of  water,  according  to  the  equation 
P4O4  -  G  (HO2)  =  P4OC  -  4  (HO.)  -H  HjO„  whereupon  the  co-operating 
nietaphosphate,  by  combining  with  the  newly  formed  water  mole- 
cule— furnishes  a  second  mol.  of  pyrophosphate,  according  to  the 
equation,  PA  -  2  (HO,)  +  H«0,  =  P^O^  -  4(H0,). 
Th(^  author  then  proceeds  to  contemplate  in  the 

Second  Part 

the  action  of  the  chlorides  and  oxychlorides  of  phosphorus  upon 
the  watersalts  of  hypopliosphorous,  phosphorous,  and  phosphoric 
acids. 

1st  Case.'^-Ffil,  +  3[(P,  -  H)  -  2(H0,)J  =  2[P,  -  3(H0,)] 
+  P4  +  3C1H.  In  the  first  stage  of  the  reaction  we  have  the 
equation  P,Cl3  +  [(P,  -  H)  -  2  (HO,)  =  (P,C1,  -  HO,)  +  [(P,C1  -  H) 
-  HO,],  which  shows  that  the  mol.  01  and  HO.j  have  exchanged 
])laces  with  each  other ;  but  these  transition -products  are  speedily 
made  to  split  up,  the  former  into  the  molecules,  P,  -  CIO,  and  CI 
H,  and  the  latter  into  the  molecules  P,  -  HO,  and  CIH.  In  the 
second  stage  the  newly-formed  molecules  P,C10,  and  (P,  -  HO,), 
by  ceding  their  oxygen  to  the  two  remaining  mol.  of  hyposulphite, 
give  rise  to  two  mol.  of  phosphite,  one  moL  of  P,C1  and  one  mol. 
of  P,  -  H.  The  sustitutional  action  of  these  latter  compounds 
upon  each  other  yields,  finally,  a  mol.  of  CIH  and  a  mol.  of  P,-  P„ 
which,  by  the  process  of  self-condensation  is  speedily  converted 
into  a  mol.  of  ordinary  phosphorus,  P^. 

2nd  Case.-'Ffil  +  4[P,  -  3(H0,)]  =  3[P,0,  -  3(H0,)]  +  3C1H 
+  P^.  The  first  stage  of  the  reaction  is  marked  by  the  exchange 
of  places  between  the  molecules  CI  and  H0„  involving  the  formation 
of  the  two  transition-products  P,CI,  -  HO,  and  P,C1  -  2(H0,). 
These  compounds  are  soon  made  to  split  up  into  the  respective 
molecules  P,C10,  and  P,0,  -  HO^,  with  simultaneous  evolution  of 
one  mol.  CIH  from  each.  Finally  the  oxidation  of  the  three 
remaining  mol.  of  phosphite,  at  the  expense  of  P,CIO.j  and  P,0,  - 
H0„  gives  birth  to  three  mol.  of  phosphate  together  with  tlie 
molecules  P,C1  and  P,  -  H,  which,  by  I'eacting  on  each  other  in 
the  manner  previously  explained,  will  finally  engender  a  mol.  of 
CIH  and  a  mol.  of  P,. 
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Jrd  CcMCL— P,C1, -r  3[P,0,  -  4(H0,)]  =  6(P,0,  -  HO,)  +  [P.  -  3 
(HO,)]  +  3CIH.  In  this  reaction  the  three  pyrophosphate  of 
water-molecules  resolve  themselves,  first  of  all,  into  six  mol.  of 
monobasic  metaphosphate,  P,0^  -  HO,  and  3(H,0,).  One  of 
these  water-molecules  being  now  brought  to  bear  on  the  mol.  P,C1-, 
gives  rise  to  the  transition- product  P^Cl,  -  H0„  accortling  to  the 
equation  P,C1,  +  H,0,  =  P,C1^-  HO,  +  CIH,  whereupon  the  second 
moL  of  water,  by  acting  on  the  moL  P,CI,  -  HO^  gives  birth  to  the 
transition-product  P.Cl-  2(H0,)  plus  one  mol.  of  CIH  ;  and  this 
again,  with  the  aid  of  the  third  mol.  of  water,  is  made  to  resolve 
itself  into  a  mol.  of  phosphite  of  water  =  P,  -  3(H0..)  plus  one 
mol.  of  CIH. 

Mh  C(Me.— PjCl,  +  [PA  -  3(H0,)]  =  3(P,0,  -  HO.)  -t-  [P,  -  3 
(HOo)].  In  the  first  stage  of  the  reaction  we  have  the  equation 
PoClj  -t-  [PA  -  3(H0,)]  =  (P,CL  -  HO,)  -h  [P,C10,-2(H0,)];  in 
the  second  stage  we  have  the  equation  (PoOlo-HO.,) -r  [PA- 3 
(HO,)]  =  [P,Cl-2(HO,)]  +  P,CA-2(HO,);  and  in  the  third 
stage  we  have  the  equation  [P,C1  -  2(H0,)] [PA  -  3(H0,)] 
=  [P,-3(HO,)]-H[P,CA-2(HO,)].  Finally,  the  three  mol, 
[P,C10,-2(H0,)].  resolve  themselves  ijito  three  mol.  (PA" 
HO,),  and  3C1H. 

5th  (7a«e.— 3P,Cl5  +  [(P,  -  H)  -  2(HO,)J  =  2(P,Cl3O;0  +  2P, 
CI,  +  3C1H.  In  this  reaction  we  have  the  following  equations : — 
First  equation,  P,CL-f[(P,- H)- 2{H0,)]  =  (P,C1,-H0,)-h[(P, 
CI  -  H)  -  HO,] ;  second  equation,  P^Cl^  +  [(P,C1  -  H)  -  HO  J  =  (P, 
CI,  -  HO,)  -h  (P,C1,  -  H) ;  and  third  equation,  [P,CL  +  (P,CL  -  H) 
=  (P,C1, -  H)  -f  P,C1,] ;  finally,  2(RC1,  -  HO,)  =  2P,C1  A  +  2C1 
H,  and  (P,C1,  -  H)  =  P,C1,  +  CIH. 

6th  CW— 3(P,Cl5)  +  [P,  -  3(HO,)]  =  3(P,Cl30,)  +  PX'l,  +  3 
CIH.  In  this  reaction  we  have  the  following  equations : — First 
equation,  RCL  +  [P,  -  3(H0,)  =  (P,C1,  -  HO,)]  +  [P,C1  -  2(H0,)] ; 
second  equation,  P,CL  +  [P,C1  -  2(H0,)]  =  (P,C1,  -  HO,) (P,C1, 
-  HO,) ;  third  equation,  RCl.  +  (P,C1,  -  HO,)  =  (P,C1,  -  HO,)  -t- 
P,Cl3;  fourth  equation,  3(P,C1,  -  HO,)  =  3(P,C1  A)  +  3  CIH. 

7th  Cafie.— 3(P,CI,0,)  +  G[(P,H)  -  2(H0,)]  =  3(P,0,-  HO,) 

2[P,  -  3(H0,)]  +  2P,  +  9C1H.  In  the  fii-st  stage  we  have  the 
equation  3(P,Cl30,)  +  3[(P,  -  H)  -  2(H0,)]  =  3(P,C1,0,  -  HO,) 
-I-  3[(P,C1  -  H)  -  HO,],  and  in  the  second  stage  we  have  the 
equation,  (P,C1,0,  -  HO,)  +  3[(P,C1  -  H)  -  HO,]  =  3[P,C10,  -  2 
(HO,)]  -f-  3(P,C1,  -  H).  These  two  compounds  are  then  speedily 
made  to  split  up,  the  former  into  3(P,0,  —  HO,)  plus  3C1H,  and 
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the  latter  into  3(PaCl)  plus  3C1H.  In  the  third  stage  we  liave 
the  equation,  P,C1  +  [(P,  -  H)  -  2(H0,)]  =  (P,  -  HO,)  +  [(P,C1  - 
H)-HOJ,  together  equal  to  2(P,-H0,)  +  C1H.  The  fourth 
stage  is  marked  by  the  oxidation  of  the  two  remaining  hypophos- 
phite  of  water-molecules,  at  the  expense  of  the  two  moL  (P,  -  HO,), 
with  formation  of  two  mol.  of  phosphite  of  water,  while  2(P^  -  H) 
remain.  These  latter  are  finally  made  to  transpose  with  the  two 
moL  PaCl,  with  formation  of  two  mol.  P^  and  two  moL  CIH. 

8th  C(Me.—3{F,C\p,)  +  2[P,  -  3 (HO,)]  =  3(P,0,  -  HO,)  -  2(P, 
CI3)  4-  3C1H.  In  the  first  stage  we  have  the  equation  2(P,Cl30,) 
+  2[P,  -  3(H0,)]  =  2(P,C1A-H0,)  4-  2[P,C1  -  2(H0,)].  In 
the  second  stage  we  have  the  equation  2(P,C1,0,-H0,)  +  2[P,C1 
-  2(H0,)]  =  2[P,C10,  -  2(H0,)]  +  2(P,CL,-  HO,).  In  the  third 
stage  we  have  the  equation,  P.Cl^O,  +  (P,C1,  -  HO,)  =  (P,C1  A - 
H0,)+P,Cl3,  and  (P,C1A- HO,)4-(P,Cl,-HO,)  =  [P,C10,-2 
(HO,)]  +  P,Cl3.  The  three  mol.  [P,C10,- 2(H0,)]  will  then 
finally  resolve  themselves  into  three  mol.  (P,0^  -  HO,),  and  three 
mol.  CIH. 

In  the  preceding  pages  tlie  author  has  endeavoured  to  show, 
with  the  aid  of  a  great  mass  and  variety  of  valuable  experimental 
evidence,  not  only  what  is  the  precise  nature  of  the  principal 
molecular  changes  which  take  place  in  a  given  reaction,  but  like- 
wise what  is  the  precise  order  in  which  these  changes  are  made  to 
succeed  each  other.  It  becomes  clear,  therefore,  that  unless  these 
two  cardinal  points  are  satisfied,  no  theory,  however  ingeniously 
planned  and  elaborated,  can  lay  claim  to  its  being  a  true  and 
trustworthy  exponent  of  chemical  phenomena. 
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XXIII. —  Volumetric  Process  for  the  Estimation  of  Cobalt  and 
Nickel.    By  John  Clark,  Ph.D.,  RI.C,  F.C.S. 


[Read  before  the  Chemical  Section,  19th  March,  18S3.] 


This  process  depends  on  the  fi*actional  precipitation  of  cobalt  and 
nickel  by  means  of  a  soluble  sulphide  of  calcium,  and  is  specially 
intended  for  the  estimation  of  these  metals  in  presence  of 
manganese. 

For  this  purpose  sulphide  of  calcium  is  well  adapted,  as  it  does 
not  immediately  precipitate  manganese,  and  sulphide  of  manganese 
is  decomposed  when  boiled  with  a  cobalt  or  nickel  solution. 

Preparation  of  the  Sulphide  of  Calcium  Solution. — The  sulphide 
of  calcium  which  I  employ  for  the  pui-pose  consists  essentially  of 
bisulphide  of  calcium.  It  is  prepared  by  boiling  equal  weights  of 
lime  and  sulphur  for  about  an  hour,  and  filtering  off  the  insoluble. 
The  reddish  yellow  liquid  thus  obtained  keeps  best  in  the  con- 
centrated state,  and  can  be  diluted  when  i-equired.  It  is  not  a  pure 
sulphide  of  calcium,  but  it  is  suitable  for  the  purpose.  In  estimat- 
ing cobalt  and  nickel  it  is  advisable  to  use  a  very  dilute  solution  ; 
one  in  which  each  measured  grain  is  equal  to  about  -0025  gmin 
of  cobalt  will  be  found  very  suitable  for  the  purpose. 

Standardising  tJie  Solution. — To  determine  the  strength  of  the 
standard  solution  I  prefer  to  use  a  known  weight  of  anhydrous 
sulphate  of  cobalt,  because  it  is  the  most  stable  salt  of  cobalt,  and 
can  be  heated  to  a  tolerably  high  temperature  without  decomposi- 
tion, and  I  determine  the  strength  of  the  dilute  sulphide  of 
calcium  each  time  it  is  used.  In  doing  this  it  is  advisable  to 
employ  a  quantity  of  the  cobalt  salt  corresponding  approximately 
to  the  proportion  of  cobalt  and  nickel  which  you  expect  to  have 
to  deal  with. 

In  applying  this  process  in  the  analysis  of  any  substance,  the 
metals  of  the  H^S  gi'oup  are  removed  in  the  usual  way,  and  after 
oxidation  the  iron  and  alumina  may  be  precipitated  with  carbonate 
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of  lime  or  carbonate  of  baryta.  The  solution,  which  should  then  be 
as  neutral  as  possible,  and  may  contain  the  cobalt  and  nickel,  or 
cither,  as  chlorides  or  sulphates,  is  diluted,  if  necessary,  till  it  does 
not  contain  more  than  \  grain  of  cobalt  or  nickel  to  the  fluid 
ounce.  It  is  then  heated  to  the  boiling  point,  and  the  standard 
sulphide  of  calcium  solution  added  from  a  burette  to  the  hot  liquid, 
till  a  drop  taken  out  on  the  end  of  a  glass  rod  and  brought  in 
contact  with  a  very  weak  solution  of  sulphide  of  calcium  ceases  to 
give  a  dark  colouration. 

To  obtain  correct  i-esults  in  this  way  there  are  several  points 
which  require  attention — 1st  The  sulphide  of  calcium  used  as  an 
indicator  should  be  much  weaker  than  the  standaixl  solution.  A 
suitable  indicator  is  obtained  by  mixing  one  part  of  the  standard 
solution  with  about  10  parts  of  water.  2nd.  The  volume  of  the 
sulphate  of  cobalt  solution  used  for  standardising  the  sulphide  of 
calcium  should  be  about  the  same  as  that  in  which  the  cobalt  or 
nickel  is  to  be  estimated,  and  the  indicators  should  be  of  the 
same  strength.  3rd.  The  size  of  the  drops  should  also  be  in  both 
cases  about  the  same,  as  the  dark  colour  disappears  in  excess  of  the 
sulphide  of  calcium. 

The  following  expeiiments  will  give  some  indication  of  the 
results  which  may  be  obtained  by  this  process : — 

I.  3  grains  C0SO4  required  46 '5  div.  CaS^  sol.  =  1*137  grains  of 
Co  or  '02445  grain  Co  per  alkalimeter  division. 

TI.  3  grains  CoSO^  +3  grains  sulphate  of  manganese  required 
47  -75  div.  CaSo  sol.  =  1  1674  grains  of  Co,  or  38  91  per  cent.  Theo- 
retically, 37*9  per  cent. 

III.  A  solution  containing  1*137  grains  of  Co  and  '471  grain  of 
Ni,  or  1-608  of  cobalt  and  nickel,  and  at  the  same  5  grains  of 
sulphate  of  manganese  required  67  div.  CaS.,  sol.  =  1*638  grains 
of  Co  and  Ni,  or  101*85  per  cent. 

It  will  readily  be  understood  that  a  drop  of  the  cobalt  or  nickel 
liquid  will  cease  to  give  any  indication  with  the  sulphide  of  calcium 
solution  before  the  whole  of  the  cobalt  or  nickel  is  precipitated, 
but  for  comparative  purposes  this  does  not  affect  the  accuracy  of 
the  result  when  the  experiments  are  made  under  similar  conditions. 
The  process  may,  however,  be  modified  so  as  to  precipitate  the 
whole  of  the  cobalt  and  nickel,  and  in  unpractised  hands  the 
results  thus  obtained  are  better,  but  of  course  the  experiment 
takes  more  time.  To  ascertain  the  point  at  which  the  precipita- 
tion of  the  cobalt  and  nickel  is  complete,  it  is  ncjcessary,  jiftt^r  the 
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liquid  has  ceased  to  give  a  dark  colour  with  the  sulphide  of  cal- 
um  indicator,  to  filter  off  the  precipitated  sulphides  of  cobalt  and 
nickeL  The  clear  solution — which  will  contain  only  a  very  small 
quantity  of  cobalt  and  nickel — is  then  heated  to  the  boiling-point 
as  before,  and  the  standaixl  solution  of  sulphide  of  calcium  is 
cautiously  added  till  it  ceases  to  give  a  black  precipitate.  Of 
course,  when  this  modification  is  adopted,  it  is  necessary  to  deter- 
mine the  strength  of  the  sulphide  of  calcium  in  exactly  the  same 
way. 

The  following  results  were  obtained  by  this  method  : — 
L  3  grains  CoS04  =  1  137  grains  Co  required  50  div.  CaS, 
solution. 

IL  3  grains  CoSO^,  with  an  equal  quantity  of  sulphate  of 
manganese,  required  56  div.  =  11 57  grains  of  Co,  or  38*56  i>or  cent 
Theoretically,  37*9  per  cent. 

III.  A  solution  containing  1  -137  grains  of  cobalt  and  471  grain 
nickel,  with  6  grains  of  sulphate  of  manganese,  required  77  div. 
CaS,  solution  =  1*5909  grains  cobalt  and  nickel,  or  98*93  i)ercent. 
of  the  total  cobalt  and  nickel  present 

In  addition  to  these  experiments,  I  have  made  a  number  with 
earthy  cobalt  ore,  and  from  the  results  which  I  have  obtained  I 
am  satisfied  that  the  process  which  I  have  described  is  capable  of 
giving  vei-y  accurate  results.  The  process  is  not  applicable  for 
the  estimation  of  Co  or  Ni  in  presence  of  zinc,  as  in  a  neutral  or 
nearly  neutral  solution  the  sulphide  of  zinc  is  not  decomposed 
by  a  cobalt  salt,  so  that  zinc  is  precipitated  locally  and  does  not 
redissolve. 
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XXIV. — On  t/ie  Development  and  Generic  Relation  of  the  Cordis 
of  the  Ca/rhoniferous  System  of  Scotland,  By  Mr.  James 
Thomson,  F.G.S.,  Honorary  Member  of  the  Royal  Ducal 
Society  of  Jena;  Corresponding  Member  of  the  Royal 
Society  of  Science  of  Li^ge ;  and  President  of  the  Biological 
Section  of  the  Philosophical  Society  of  Glasgow. 


[Read  before  the  Society,  14th  March,  1883.] 


Introduction. 

For  a  number  of  years  it  has  been  frequently  remarked  to  me 
that  there  were  not  a  few  of  the  members  of  the  Society  who 
considered  it  desirable  that  I  should  give  a  more  or  less  brief 
description  of  how  and  by  what  means  the  coralline  remains, 
constituting  the  subject  of  my  communications  to  the  Society, 
were  formed.  That  such  a  request  should  be  expressed  gives  me 
no  surprise.  The  number,  variety,  and  near  relation  of  many  of 
the  species  that  have  been  and  are  to  be  described  must  be  more 
or  less  puzzling  to  the  uninitiated,  when  he  attempts  to  form  an 
adequate  conception  of  the  relationship  that  exists  between  these 
apparently  diverse  forms.  In  attempting  to  do  so,  I  have 
abstained  from  entering  into  the  wide  domain  of  speculation,  and, 
as  far  as  our  knowledge  goes,  I  will  take  a  clear  comprehensive 
view  of  all  the  known  facts,  endeavouidng  to  estimate  as  im- 
partially as  I  can  the  biological  deductions  which  the  results  of 
my  investigations  wairant. 

The  subject  I  have  chosen  for  my  address  is  one  which 
has  moi-c  or  less  engaged  the  attention  of  naturalists  from  the 
time  that  Lainark  in  his  Philosophic  Zoologiqiie,  in  1801,  pub- 
lished his  views.  There,  for  the  first  time,  he  announced  the 
doctrine  that  all  species  are  the  resultant  of  pre-existing  life  and 
law.    This   deduction   hv    amved   at  from   tho  difficulty  in 
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distinguishing  species  and  varieties  felt  by  all  systematic  investiga- 
tors. He  found  a  constant  and  persistent  transition  from  the 
one  into  the  other,  and  suggested  that  all  of  these  modifications 
were  alike  due  to  physical  conditions,  the  crossing  of  existing 
species,  and  to  use  or  disuse — or,  in  other  words,  to  the  effect  of 
habit.  As  might  have  been  expected,  such  an  innovation  on 
pi-e-existing  views  was  met  with  a  storm  of  opposition  that  for  a 
time  rendered  obnoxious  all  observers  who  ventured  to  express 
the  slightest  sympathy  with  his  views.  Subsequent  investigations, 
however,  surrounded  biological  thought  with  a  halo  of  interest. 
Further,  these  speculations  are  of  great  scientific  importance  in 
the  elucidation  of  the  natural  laws  governing  organic  life.  The 
mobility  of  organic  nature  is  so  plastic  tliat  there  is  now  no  longer 
surprise  expressed  when  the  naturalist,  in  the  different  depart- 
ments of  biological  inquiry,  ventures  to  trace  the  principles  of 
development  and  co-relation.  And  if  we  accept  the  view  that  all 
organic  forms  are  thus  more  or  less  plastic  in  their  organization, 
then  there  is  no  reasonable  grounds  for  doubt  as  to  the  modifica- 
tion of  species,  nor  that  variation  has  been  and  is  being  produced 
from  the  altered  conditions  of  the  surroundings  and  the  tendency 
to  variation  from  natural  selection,  and  possibly  from  other  causes 
not  at  present  known. 

In  considering  the  development  of  the  coi'als  of  the  carbonifer- 
ous system,  it  is  quite  possible  that  the  biologist,  in  comparing 
the  closely-related  forms  which  are  represented  in  these  organic 
remains,  and  their  embiyonic  relations  and  other  facts  abundantly 
represented  in  their  distribution  throughout  the  system,  might  be 
induced  to  believe  that  the  presence  of  forms  so  closely  related  to 
each  other  has  been  brought  about  by  slow  and  progressive 
stages  of  development,  arising  from  the  tendency  in  the  living 
organism  to  become  more  or  less  modified,  chiefly  under  the  action 
of  surrounding  conditions,  facilitated  by  the  plasticity  and  mobility 
of  the  tissues  of  the  living  animal.  It  is  therefore  of  the  highest 
importance  that  we  should  have  as  clear  a  knowledge  of  the  soft 
tissues  as  of  the  sclerodermic  skeleton  of  the  animals  producing 
corals.  In  attempting  to  do  so,  I  am  not  insensible  of  the  fact 
that  the  evidence  we  seek  is  enshrouded  in  the  depth  of  past 
time;  but,  in  this,  as  in  all  the  other  paljeontological  evidence  of 
the  life-history  of  animals  living  in  the  past,  we  at  least  can  only 
be  guided  by  analogy.    We  therefore  must  trace  their  relationship 
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by  means  of  animals  whose  organization  we  know,  and  we  assume 
that  the  creatures  that  imbricated  tliese  ancient  organic  remains 
were  similarly  organized. 

It  will  thus  be  apparent  that  the  study  of  the  different  groups 
and  varieties  of  the  fossil  corals  of  the  carboniferous  system  may 
be  aptly  introduced  by  a  brief  reference  to  a  few  of  the  details  of 
the  soft  parts  of  the  animals  which  fabricate  these  wonderful  and 
varied  remains  of  organic  life.  It  is  the  province  of  the  biologist 
to  be  exact.  It  i&  the  first  and  highest  duty  of  the  student  to 
collect  accurate  data.  To  do  so  with  even  an  approximation  to  an 
exhaustive  treatise  would  require  a  volume  of  considerable  dimen- 
sions. I  will  therefore  try  shortly  to  describe  the  relation  between 
the  soft  parts  of  the  animal  and  the  sclerodermic  skeleton.  And 
while  we  can  only  judge  of  these  remains  from  analogy,  and  be 
guided  by  the  information  so  admirably  presented  in  the  works  of 
Dana,  Darwin,  Edwards  and  Haime,  Koninck,  Duncan,  Duthiers, 
Moseley,  and  others,  and  from  an  implicit  confidence  in  the  univer- 
sality of  the  laws  of  nature,  we  are  led  to  believe  that,  even  to 
approximately  know  these  remains,  we  must  compare  the  products 
of  the  present  period  with  the  remains  found  imbedded  in  the 
wreckage  of  the  past.  In  order  to  present  that  relationship  clearly, 
I  shall,  in  the  Jirst  place,  briefly  refer  to  the  organization  of  those 
animals  which  we  believe  to  be  their  nearest  allies.  In  the  second 
place  I  shall  describe  the  different  modes  of  reproduction.  In  the 
third  place  I  shall  trace  the  relationship  between  the  soft  parts  of 
the  animal's  body  and  the  sclerodermic  skeleton  or  coral.  Fourthly, 
I  shall  describe  the  different  parts  of  a  corallum.  And  fifthly,  I 
shall  trace  the  generic  relations  of  the  coralline  remains  of  the 
carboniferous  system.  If  I  succeed,  we  will  find,  instead  of  the 
desultory  and  unsatisfactory  method  of  describing  a  genus  here 
and  a  species  there,  we  will  have  a  connected  whole — we  will  have 
a  rational  purpose  in  our  research  into  the  structure  and  relation- 
ship of  the  different  genera  and  species  of  this  widely-distributed 
group  of  organic  remains.  Following  out  this  method,  we  discover 
that,  in  each  successive^  stage  of  our  incjuiry,  there  is  exhibited  a 
progressive  development ;  and  if  I  succeed  in  tracing  the  connect- 
ing stages  of  development,  I  venture  to  think  the  overwhelming 
conviction  will  be  that  modification  is  stamped  ujion  each  form, 
and  in  this  way  only  can  we  account  for  the  organic  forms  as  a 
whole. 

Before  entering  upon  a  detailed  reference  to  both  the  geiienc 
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and  the  specific  relations  of  each  group,  allow  me  to  state  that  in 
no  instance  can  we  draw  a  hard  and  fast  lino  between  either  genera 
or  species.  Many  of  the  forms  which,  if  examined  by  themselves, 
would  be  accepted  by  any  competent  palaeontologist  as  being  speci- 
fically distinct,  but  which  are  found  in  a  large  variety  of  the  same 
genus  to  possess  characters  which  arc  so  closely  similar  to  other 
forms  that  they  are  linked  to  them  by  intermediate  gradations  of 
so  minute  a  character  as  to  make  it  difficult  to  define  their  place 
and  position  in  any  work  of  systematic  classification.  While  I  am 
aware  that  in  many  of  these  closely-allied  forms  there  is  abundance 
of  duplicatory  evidence  showing  that  they  have  retained  their 
distinctive  characters  over  wide  areas,  practically  we  can  only 
regard  such  closely-allied  forms  as  mere  varieties,  and  to  select 
those  forms  that  are  distinct  in  their  character  and  j)ronounced 
in  their  relationships  as  central  types,  around  which  varieties 
and  species  diverge  in  both  directions.  Hence,  in  determining 
whether  a  form  should  be  i*anked  as  a  species  or  a  variety,  reference 
must  be  made  to  a  large  series  of  selected  specimens.  External 
aspects  may,  and  do,  indicate  generic  relations,  but  cannot  be 
accepted  as  evidence  to  warrant  specific  distinction.  Hence,  such 
minute  transitional  ditferences  are  apt  to  puzzle  and  confuse  the 
systematists;  yet  such  are  of  high  importance  to  the  biologist,  whose 
object  is  to  know  the  why  and  the  wherefore,  and  who  regards 
species  which  are  more  or  less  distinct  and  permanent  as  connecting 
links,  and  those  foiiiis  that  are  less  strongly  marked  as  sub-species, 
which,  with  further  difierentiation  and  development,  would  become 
distinct  in  their  specific  chai-acters.  At  best,  we  can  only  regard 
the  term  species  as  extremely  mobile,  and  only  used  for  convenience 
in  grouping  those  forms  which  are  nearly  related,  and  those  forms 
whose  minute  diflerences  of  structure  only  ranked  as  varieties,  but 
which  to  the  biologist  are  of  essential  importance  in  enabling  him 
to  trace  the  development  and  transitional  differences  to  si  united 
wholf. 

Milne-Edwards  and  Jules  Haime,  in  theii*  admirable  memoir  in 
the  Transactions  of  the  Palaeontographical  »Society,  1852,  only 
desci-ibetl  forty-three  species  from  the  carboniferous  rocks  of  Britain. 
Since  then  that  list  lias  been  considerably  added  to  by  de  Koninck, 
Duncan,  and  others,  yet  comparatively  little  has  been  done  in 
this  depai*tment  of  palaeontology  to  what  might  and  ought  to  have 
been  done.  It  may  be  adduced  that  our  impei-fect  knowledge  of 
the  geological  record  lias  ch-barred  more  (extensive  investigation^ 
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The  zone  in  which  the  great  majority  of  coralline  remains  are  found 
is  limited  to  a  small  portion  of  the  lower  membei*s  of  the  carbon- 
iferous limestone,  and  it  is  only  here  and  there  in  widely-separated 
localities  that  this  limestone  is  exposed ;  and,  even  in  those  localities 
which  have  yielded  the  greatest  variety  of  forms,  the  sections  which 
have  been  unearthed  are  merely  a  few  scratched  fragments  of  that 
great  system,  and  it  is  only  by  frequently  visiting  those  localities, 
and  watching  the  exposures  made  for  economic  purposes  in  the 
coralline  zone,  that  we  can  hope  to  acquire  these  remains  as  they 
are  from  time  to  time  exhumed.  Thus,  to  acquire  a  collection  of 
even  moderate  dimensions,  years  must  be  spent  in  constantly 
watching  and  collecting. 

There  is,  however,  another  and  a  very  potent  obstacle  to  the 
systematic  study  of  this  department  of  palaeontology — when  the 
specimens  are  procured,  each  must  be  sectioned  transversely,  and,  in 
order  to  know  the  structural  charactera  throughout  the  corallum, 
a  portion  of  each  genus  must  be  cut  longitudinally  and  carefully 
polished.  It  is  also  essentially  necessary  to  know  if  the  structural 
details,  upon  which  generic  distinctions  are  founded,  are  continuous 
from  the  inferior  to  the  superior  extremity  of  the  corallum.  Some 
of  the  forms  must  be  sectioned  at  different  parts  of  the  corallum  ; 
in  this  way  only  can  we  hope  to  arrive  at  a  knowledge  of  this  group 
of  organic  remains*  —  to  accomplish  which  involves  a  large  ex- 
penditure of  both  time  and  money.  In  the  present  condition  of 
our  public  museums  the  student  cannot  hope  for  material  assistance. 
Even  in  our  great  National  Museum  the  number  of  specimens  of 
both  genera  and  species  is  absolutely  nothing  compared  with  the 
number  of  forms  which  could  be  procured  throughout  the  three 
kingdoms. 

*A8  my  work  has  been  for  a  number  of  years  misrepresented,  and  by 
those  whose  position  ought  to  respect  honest  work,  and  who  have  stated 
that  I  created  species  from  sections  made  from  different  parts  of  the  same 
corallum,  I  may  be  permitted  to  remark  that  in  one  of  my  earliest  reports 
read  to  the  British  Association,  and  in  several  of  my  subsequent  papers,  I 
placed  in  a  most  conspicuous  position,  i.e.,  the  following  remarks,  *'It  is 
only  from  sectioning  the  corallum  at  different  stages  that  we  can,  with  any 
degree  of  confidence,  define  either  generic  or  specific  relations. "  With  some, 
and  more  especially  those  who  have  never  seen  how  my  investigations  have 
been  conducted,  this  has  been  of  no  avail.  Great  is  the  influence  of  such 
misrepresentations,  but  recent  experience  shows  that  this  influence  does  not 
loug  endure,  and  more  especially  with  those  whose  position  in  the  scientific 
world  renders  their  opinion  worthy  of  respect. 
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I. — The  Soft  Tissue  of  the  Animals  forminw  Corals. 

When  a  simple  or  compound  coralRim  is  in  its  native  element, 
viz.,  sea-water,  its  superior  extremity,  or  calice,  is  enclosed  in 
and  covered  by  soft  tissue,  which,  when  tilled  with  water,  is  largely 
distended.  Around  the  periphery  there  are  a  circlet  of  tentacles, 
which  may  either  be  a  single  circlet  (PI.  II.,  Fig.  1),  or  there  may  be 
a  double  circlet  (PI.  II.,  Fig.  2).  When  they  are  double,  the  larger 
are  termed  the  primary,  and  the  smaller  are  termed  the  secondaiy, 
tentacles.  The  tentacles  vary  in  length  and  stoutness  in  different 
species,  and  at  their  base  are  continuous  with  the  disc,  and 
opening  into  the  upi)er  part  of  the  mesenteric  cavity  (PL  I., 

Fig.  iB). 

The  visceral  cavity  is  divided  by  radiating  partitions  into  a 
number  of  chambers  or  mesenteric  folds,  separated  by  intermes- 
enteric  spaces  (PI.  I.,  Fig.  1b),  which  freely  opens  into  the  centre  of 
the  main  cavity  of  the  body,  and  the  septa  correspond  in  their  length, 
number,  and  stoutness  with  the  proportions  of  these  mesenteries, 
which  give  rise  to  the  interseptal  dissepiments. 

The  mesenteric  cavity  is  bounded  Ijelow  by  the  tissues  covering 
the  base  of  the  pylorus  (PI.  I.,  Fig.  Ic),  the  wall,  and  the  dissepiments 
which  form  the  floor  of  the  interseptal  spaces  (PI.  1,  Fig.  Id).  It 
will  thus  be  apparent  that  there  is  a  close  relation  between  the 
tentacles  and  the  septa — indeed  the  septa  are  in  direct  proportion 
to  their  number,  and  are  deposited  at  their  base. 

In  the  interior  of  the  tentacles  there  is  a  system  of  retractile 
muscles  which  converge  inwards  and  downwards  (PI.  I.,  Fig.  1e). 

The  mouth  is  situated  in  the  centre  of  the  disc,  and  leads  into 
a  distinct  digestive  sac,  which  is  suspended  in  the  main  cavity  or 
stomach  (PI.  I.,  Fig.  1h),  and  is  separated  from  the  visceral 
cavity,  which  is  bounded  below  by  a  slight  constriction — the 
"pylorus"  (PI.  I.,  Fig.  If). 

In  many  of  the  forms  there  are  a  series  of  radiating  folds  or 
lines  extending  from  the  lips  of  the  mouth  outwards  to  the 
inner  ends  of  the  primary  tentacles,  which  at  their  base  extend 
inwards  to  the  columella  (when  present)  at  the  base  of  the  pylorus 
(PI.  I.,  Fig.  lo).  These  folds  correspond  with  the  number  and 
arrangement  of  the  lamella3  of  the  centml  area  of  the  corallum. 
The  presence  of  a  columella  and  lamellje  infers  that  the  visceral 
cavity  will  be  j)roportionally  circumscribed,  and  that  in  those 
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forms  in  which  these  are  absent  there  is  a  corresponding  increase 
in  the  size  of  the  visceral  cavity. 

The  outer  covering  or  wall,  like  the  other  soft  tissue  of  the 
animal,  is  formed  of  two  layers,  and  the  dense  epitheca  is  a  counter- 
part, and  secreted  by  the  soft  tissue  from  the  base  of  the  corallum, 
and  is  called  "  fort  secretion  "  by  Dana. 

The  base  of  the  internal  membrane  lines  the  interseptal  loculi, 
the  structure  in  the  columellarian  area  (when  present),  and  secretes 
inferiorly  the  sclerenchymatous  skeleton  of  the  corallum,  which  is 
therefore  a  counterpart  of  the  internal  organization  of  the  soft 
tissue  of  the  animal's  body. 

In  addition  to  those  here  referred  to,  there  is  a  group  which, 
from  the  structural  details  of  the  corallum,  waiTants  us  in  assum- 
ing that  the  polype  had  a  double  circlet  of  tentacles.  It  has  been 
already  stated  that  the  wall  bounds  the  corallum,  and  is  an 
expression  of  the  outer  covering  or  wall  of  the  animal's  body,  and 
forms  the  periphery  of  the  calice  at  the  suj^erior  extremity.  In 
this  group,  however,  which  forms  the  exception,  there  is  a  double 
calice  or  cup,  which  is  also  bounded  by  a  distinct  wall,  and  around 
the  inner  margin  of  this  inner  wall  or  penphery  there  is  a  system 
of  distinct  minute  septa,  which  converge  inwards  from  the  wall 
to  the  centre  of  the  calicular  cavity,  and  tlie  loculi  are  occupied  by 
minute  interseptal  dissepiments  similarly  arranged  to  those  of  the 
outer  system  of  septa.  These  charactera,  so  \videly  diflferent  from 
all  the  known  groups  of  CyatlwphyUidcp,  have  induced  me  to  assign 
to  them  a  distinct  and  separate  family,  under  the  designation  of 
Diplocyathophyllidce.  PI.  I.,  Fig.  2,  is  a  restoration  of  what  I 
conceive  the  animal  was  like,  and  PI.  XIV.,  Figs.  3  and  5,  represent 
a  facsimile  of  the  double  calice  of  a  corallum,  and  PI.  XIV.,  Fig. 
1,  the  structural  details  upon  which  I  base  my  deductions. 

In  watching  the  phases  observable  in  the  earlier  stages  of 
development,  it  will  be  observed  that  there  are  a  series  of  changes 
through  which  the  ova  pass.  After  immersion,  they  are  first 
observed  as  a  cluster  of  ovular  bodies.  In  a  number  of  cases  the 
central  portion  of  the  mass  dissolves,  and  the  outer  portion  resolves 
itself  into  the  blastoderm,  which,  when  further  developed,  is  ob- 
sei'ved  to  consist  of  two  layers.  Thus  the  organization  of  the  animal 
consists  of  an  outer  layer,  termed  the  ectoderm,  and  an  inner, 
termed  the  endoderm.  And  these  suiTound  a  simple  stinictureless 
cavity,  which  constitutes  the  entirety  of  these  simple  creatures. 
Such  is  a  cursory  idea  of  the  biological  structure  of  those  forms  of 
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the  hydrozoa  that  we  have  reason  to  believe  are  analagous  to  the 
animals  that  formed  the  fossil  remains  of  that  group  in  the  car- 
boniferous system*  (PI.  III.,  Figs.  3,  4,  5,  6).  And  although 
their  history  is  obscured  in  the  depths  of  past  ages,  yet,  from  a 
careful  comparison  of  these  remains,  we  discover  the  great  truth 
that  both  those  of  the  present  and  the  past  are  built  up  in  the 
same  fundamental  tyi)e. 

II.  Reproduction  and  Multiplication. 

(1)  Ovular  Beproduction. — Although  the  data  by  which  we  can  be 
guided  regarding  the  earlier  stages  in  the  development  of  the  polyp 
is  meagre,  it  is,  however,  asserted  by  some  of  our  ablest  authors 
that  the  ova  are  developed  in  the  "  mesenteric  folds,"'  which  in 
the  earlier  stages  consist  of  groups  of  minute  spherical  bodies  or 
cells  of  protoplasm.  In  tracing  the  successive  phases  it  has  been 
observed  that  there  are  four  stages  through  which  they  pass  before 
they  begin  to  secrete  the  calcareous  matter  of  which  the  corallum  is 
composed. 

It  has  been  already  stated  that  these  ova  are  first  seen  in  the 
mesenteric  folds  in  groups  of  minute  spherical  bodies  (PI.  I., 
Fig.  1h).  In  the  second  stage  they  are  separated  from  the 
parent  and  escape  through  the  free  ends  of  the  mesenteries  (PL  I., 
Fig.  Id)  into  the  visceral  cavity  (PI.  T.,  Fig.  1h),  and  are  expelled 
through  the  stomach  and  mouth  (PI.  I.,  Fig.  2),  and  each  has  an 
independent  existence  (Pi.  I.,  Fig.  3).  In  the  third  stage  they 
become  somewhat  elongated,  and  float  about  by  means  of  minute 
cilia  until  they  find  a  suitable  place  to  become  attached  (PI.  I., 
Figs.  4  and  10.  In  the  fourth  stage  a  depression  or  infolding  of 
the  superior  extremity  takes  place  (PI.  I.,  Figs.  6,  9,  11,  and  12), 
and  becomes  more  or  less  concave — thus  the  inverted  wall  is  called 
the  endoderm  and  the  outer  wall  the  ectoderm.  Now,  however,  a 
marked  difference  is  observable.  In  the  earlier  stages  these 
ovular  bodies  present  a  simple  aspect,  but  development  proceeds, 
and  the  ovum  assumes  a  definite  form.  It  then  begins  to  secrete 
the  sclerodermic  skeleton,  and  each  group  differentiates  after  its 
own  kind,  and  the  secreted  parts  become,  in  form,  structure,  and 
appearance,  somewhat  similar  to  its  prototype,  or  may  become 


•After  Lacaze  Duthiers*  Hist,  de  Developement  des  polypes  et  de  leur 
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more  or  less  affected  by  the  altered  conditions  of  the  suiToiindings; 
and  we  have  abundant  evidence  to  believe  that  changes  in  the 
surrounding  conditions  have  a  tendency  to  increase  variability. 

It  is  generally  understood  that  the  first  appearance  of  the 
stomach  is  brought  about  by  an  inversion  of  the  oral  aperture  of 
the  ovum.  Professor  Lucaze  Duthiers,  in  liis  admirable  memoir 
("Hist.  Nat.  de  Corair'),  PI.  L,  Figs.  5-10  (after  Duthiers),  shows 
the  successive  stages  of  development  through  which  the  ova  passes. 
In  the  first  stage  they  are  gibbose  in  the  superior  extremity;  in 
Fig.  9  there  is  represented  a  slight  depression ;  in  Fig.  5  a  further 
inversion  is  observable;  and  in  Figs.  6,  11,  and  12,  there  is  repre- 
sented not  only  a  deeper  infolding,  but  also  a  series  of  lateral 
folds  or  puckering,  the  upward  growth  of  which  gives  rise  to  the 
tentacular  crown,  and  suggests  the  first  indication  of  the  septal 
system  surrounding  the  stomach  sac  as  separate  and  independent 
structures  formed  between  the  outer  walls  and  the  inverted  mouth 
margin;  and,  as  Duthiers  I  believe  correctly  suggests,  in  the  more 
advanced  stage  the  septa  are  developed  at  the  base  of  these 
radiating  folds  (PI.  L,  Fig.  7).  This  view  is  supported  by  the 
structural  details  found  in  the  great  majority  of  the  fossil  corals 
of  the  carboniferous  system  that  has  been  examined  by  me.  At 
the  base  the  sclerenchyma  is  first  observed  as  a  homogeneous 
covering,  in  which  with  increased  growth  the  secreted  matter 
becomes  more  dense.  Then  a  series  of  depressions  or  separise 
are  developed,  which  with  increased  development  presents  a 
series  of  stout  septa,  which  with  further  development  becomes 
more  and  more  delicate.  Then  the  lamellie  of  the  septa  is  observed 
in  the  form  of  longitudinal  cells.  As  development  progresses  the 
septa  become  less  stout  and  the  lamellar  aspect  more  distinct,  and 
a  series  of  minute  partitions  (or  tmbiculje)  between  the  elongated 
cells  resolve  themselves  into  the  minute  delicate  interlamellar 
plates  (trabiculje)  (PI.  XIV.,  Figs.  3a  and  8a),  first  recorded  in  my 
paper  on  the  genus  Centraphyllnm  in  the  Transactions  of  this 
Society,  Vol.  XII.,  p.  225,  and  which  I  believe  to  be  an  expression 
of  the  retractile  muscles  of  the  tentacles. 

(2)  Gemmation. — By  gemmation  is  meant  the  development  of  a 
corallite  directly  from  the  tissue  of  the  parent,  which  arises  in  the 
interseptal  loculi.  In  some  forms  it  is  calicular,  and  in  others  it 
is  latro-calicular. 

(a)  Calicular  gemmation  takes  place  in  the  interseptal  loculi,  and 
in  those  forms  in  which  the  growth  of  the  young  is  fatal  to  the 
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life  of  the  parent  (PI.  IL,  Fig.  3,  and  PL  VII.,  Fig.  10).  Gem- 
mation takes  place  near  the  inner  margin  of  the  interseptal  loculi, 
and  may  be  termed  true  calicular  gemmation. 

(6)  LcUro-caliculdr  gemmation  takes  place  in  the  interseptal 
spaces,  and  near  the  periphery  of  the  corallum,  and  in  the  earliest 
stage  is  indicated  by  the  widening  and  enlargement  of  the  inter- 
septal space.  Then  a  secretion  of  granular  sclerenchyma  moi*e  or 
less  cylindrical  is  observed,  which  with  increased  development 
becomes  more  dense.  In  a  more  advanced  stage  the  sclerenchyma 
becomes  divided  into  elongated  plates.  These  divided  segments 
are  the  base  of  the  septa,  which  now  presents  a  more  or  less 
definite  form.  The  young  corallite  then  emerges  through  the 
vesicular  tissue  that  suiTounds  the  septal  system.  The  wall  is 
then  seen  to  be  slightly  distended  and  ultimately  ruptured;  then 
the  young  corallite  emerges  and  grows  side  by  side  with  the  parent, 
which  piXKluces  a  common  form  of  compound  corallum  (PI.  II., 
Figs.  5  and  6,  PI.  IX.,  Figs.  1,  1e,  and  If). 

(3)  Fissiparous  Growth. — This  mode  of  reproduction  is  well  ex- 
emplified in  the  genus  Alveolites y  Lamark  (PI.  IV.,  Figs.  3,  3a,  and 
3b),  and  also  in  the  genus  Diphyphyllum,  Lonsd.  (PI.  VIII.,  Figs.  1 
and  1a).  In  the  former  genus  teeth-like  pi*oj actions  are  seen  as 
minute  points,  and  can  be  traced  extending  across  the  calice, 
and  becoming  attached  to  the  opposite  wall,  producing  complete 
fission,  and  the  young  grows  side  by  side  with  the  parent,  and 
forms  dense  compound  communities  (PI.  IV.,  Figs.  3,  3a,  and  3b). 
In  Diphyphyllttm^  and  other  allied  genera,  the  calice  is  bisected 
through  the  centre  of  the  corallum,  and  the  growth  of  opposite 
septa  is  observed,  which  ultimately  merges  into  two  independent 
coralUtes  (PI.  II.,  Fig.  4;  PI.  IX.,  Figs.  5  and  8). 

The  above  is  a  brief  summary  of  the  different  modes  of  develop- 
ment in  the  corals  of  the  carboniferous  system.  For  a  more 
detailed  description  I  have  to  refer  to  the  elaborate  descriptions 
given  in  Dr.  Duncan^s  valuable  Memoir,  in  his  introduction  to 
Tlie  Corals  of  the  Tertiary  Formation,  (Palseontographical  Society 
Transactions,  1866.) 

IIL — The  Relation  between  the  Soft  Parts  of  the  Animal's 
Body  and  the  Hard  Skeleton  of  the  Corallum. 

The  hard  parts  of  the  corallum  are  inclosed  in  and  secreted  by 
the  soft  tissues.  After  the  ova  has  passed  through  the  earlier 
stages  of  development,  and  when  the  superior  extremity  has 
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become  deeply  enfolded,  and,  being  pressed  inside  of  the  inferior 
portion  of  the  ovum,  necessarily  gives  rise  to  the  enfolded  portion 
being  more  or  less  puckered  along  the  lateral  wall,  giving  rise  to 
the  development  of  the  lateral  divisions  or  septa  of  the  Polyp, 
an  extension  and  upward  growth  of  which  ultimately  becomes  the 
tentacles  that  surround  the  superior  extremity  of  the  Polyp. 
Now,  the  different  parts  of  the  animal's  body  becomes  filled  with 
sea  water.  Now,  these  creatures,  like  all  other  animals,  cannot 
exist  unless  they  receive  a  constant  supply  of  oxygen,  and  that 
oxygen  can  only  be  extracted  from  the  water  that  fills  its  body. 
The  separation  of  the  oxygen  from  the  water  necessarily  leaves 
the  other  ingredients  that  are  held  in  suspension  in  the  water. 
Now,  by  a  beautiful  arrangement  in  nature,  these  ingredients  are 
thrown  down  to  the  lower  part  of  the  animal's  body,  and,  being 
still  in  a  liquid  mass,  and  the  animal  tissue  of  the  Polyp's  body 
being  porous,  the  calcareous  substance  of  the  water  is  segregated 
through  the  pores  of  the  animal  tissue.  This  invisible  process 
going  on  from  time  to  time,  as  each  volume  of  oxygen  is  separated 
from  its  neighbouring  mineral  constituents,  which,  being  secreted 
through  the  porous  tissue  of  the  animal,  and  as  each  successive  cell 
and  layer  is  secreted  and  built  upwards,  the  animal,  in  proportion 
with  the  increased  growth,  rises  higher,  and  in  turn  secretes  another 
floor,  extending  across  and  filling  in  the  whole  width  of  the  cavity 
of  the  corallum,  and  thus  forms  a  counterpart  of  each  portion  of 
the  internal  organization  of  the  Polyp's  body.  It  will  thus  be 
manifest  that  such  a  delicate  process,  and  of  such  exquisite 
minuteness,  going  on  from  day  to  day,  must  produce  results  of 
extreme  variety. 

It  would  be  a  matter  of  deep  interest  to  ascertain  what  pro- 
portion of  segi-egated  matter  is  secreted  in  a  given  time.  If  such 
could  be  accomplished,  we  would  thus  ascertain  the  life  history 
of  each  form. 

From  what  has  been  stated  it  will  be  apparent  that  the 
structural  details  of  a  corallum  are  simply  a  counterpart  of  the 
internal  organization  of  the  Polyp's  body.  The  outer  skin  secretes 
the  epithecal  layer.  The  septa  are  secreted  at  the  base  of  the 
tentacles.  The  interlamellar  striae  of  the  septa  are  an  expression 
of  the  retractile  muscular  strise  that  are  situated  inside  of  each 
tentacle.  The  interseptal  dissepiments  are  secreted  at  the  base  of 
the  internal  membrane  that  lines  the  interseptal  loculi.  The 
lamellae  in  the  central  area  are  secreted  from  the  centre  of  the 
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base  of  the  pylorus,  to  the  inner  margin  of  the  primary  septa, 
and  the  interlamellar  dissepiments  are  an  expression  of  the  inter- 
lamellar  membrane.  The  columella  in  the  centre  of  the  pylorus 
possibly  is  the  result  of  a  central  depression.  The  tabulae  in  the 
tabulatsB  is  an  expression  of  the  more  simple  digestive  organs  of 
the  tabulate  forms  of  the  hydrozoa,  which  in  some  forms  extends 
across  the  corallum  from  wall  to  wall,  whilst  some  of  the  species 
of  the  genus  Aulopora  there  is  a  total  absence  of  tabula,  while 
in  others  the  tabula  is  developed  near  the  base,  Aulopora  cam^xinu- 
lata  (PL  III.,  Fig.  4),  in  which  there  is  in  some  of  the  corallites 
two,  and  in  others  three  tabulae,  and  which  induces  me  to  believe 
that  in  this  genus  we  have  an  intermediate  or  connecting  link 
between  the  Aidoporidce  and  the  Tabulatce.  The  tabulae,  how- 
ever, are  not  constant.  In  examining  a  number  of  polished 
specimens  in  my  cabinet,  I  find  the  proportion  of  tabula  developed 
in  one  specimen,  which  contains  fully  two  hundred  corallites,  to  be 
as  one  to  twenty,  while  in  another  specimen,  from  another  part 
of  the  country,  the  proportion  is  as  one  to  four  of  the  non- 
tabulate  forms — indicating  that  the  modifications  in  these  have 
been  produced  from  an  innate  tendency  to  variation  in  the  tissue 
of  the  living  animal. 

(1)  The  different  parts  of  a  Corallum. — The  upper  extremity  of 
a  corallum  is  called  the  calice  (PI.  XIV.,  Fig.  3).  Its  outline  is 
bounded  by  the  wall,  and  its  depth  is  determined  by  the  an-ange- 
ment  of  the  septa,  the  structural  details  of  the  central  area,  or 
floor  of  the  fossa.  The  periphery  of  the  calice  is  called  its  margin, 
and  its  floor  is  formed  by  the  septa,  the  dissepiments  of  the  inter- 
loculi,  the  crown  of  the  columellarian  area,  and  in  the  tabulata, 
by  the  tabulae.  The  calices  are  extremely  varied  in  depth  and 
outline.  Some  are  circular,  others  are  oval  or  elliptical,  and 
nipped  in  the  centre,  angular,  whilst  others  ai-e  rhomboidal, 
pentagonal,  hexagonal,  and  polygonal. 

The  calice  may  be  wide  and  round  near  the  periphery  or  everted, 
or  it  may  be  thin  and  inverted.  The  calice  may  be  deep,  shallow, 
or  widely  open.  Some  calices  are  deformed  from  external  causes  ; 
indeed,  their  form  and  depth  are  extremely  varied,  and  they  vary 
both  in  size  and  form  in  the  different  stages  of  growth  of  the  same 
corallum. 

(2)  Wall, — The  wall  bounds  the  structural  details  of  the 
corallum,  and,  in  the  great  majority  of  the  carboniferous  corals, 
is  most  important. 
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The  upper  extremity  of  the  wall  is  prominent  when  the  septa 
are  not  everted.  Its  outer  surface  is  variously  marked.  In  some 
forms  there  are  encircling  lines,  moi*e  or  less  wrinkled  or  cranu- 
lated,  and  constrictions,  or  aimulations  of  growth.  The  base  of 
the  wall  is  sometimes  attached  to  rocks  or  other  foreign  bodies,  in 
which  case  the  base  is  either  broad  and  concave,  which  is  not 
infrequent  in  the  tabulate  forms  (PJ.  IV.,  Fig.  7),  or  it  may  be 
deformed  and  assume  the  form  of  the  object  it  is  attached  to.  In 
some  instances  I  have  found  them  attached  to  the  spines  of  Pro- 
ducta  (PI.  VI.,  Fig.  24a),  in  which  case  the  wall  folds  round  and 
clasps  the  body  they  are  attached  to.  The  wall  is  always  more 
stoutly  developed  around  the  base  of  the  simple  and  conical  forms. 
In  some  cases  the  walls  are  fused  together,  arising  from  lateral 
pressure  and  fissiparous  growth,  in  compound  forms. 

In  a  series  of  many  of  the  simple  forms  the  mode  of  growth  is 
indicated.  The  young  are  more  or  less  erect,  with  a  delicate 
pointed  peduncle  which  would  seem  to  have  been  attached  to 
foreign  bodies  in  the  earlier  stages  of  growth.  With  increased 
growth,  the  support  not  being  sufficient,  it  falls  over  on  its  broad- 
side ;  and  the  tendency  to  grow  upwards,  and  to  keep  the  calice 
above  the  mud,  produces  the  curved  aspect  so  frequently  met  with 
in  the  simple  forms,  and  more  especially  when  they  are  found 
embedded  in  shale  or  deposits  that  have  been  deposited  in  shallow 
water,  in  which  case  they  are  more  or  less  abraded,  and  usually  on 
the  concave  or  doraal  side  of  the  corallum — indicating  that  their 
bathmetical  i*ange  was  restricted  to  shore  and  shallow  water,  and 
more  or  less  affected  by  tidal  conditions. 

(3)  Septa, — The  septa  are  bilamellar,  and  extend  from  the 
epitheca  or  wall  inwards  towards  the  centre  of  the  corallum.  In 
some  forms  the  septa  converge  into  the  centre  (PI.  VII.,  Fig.  2), 
whilst  in  others  they  are  intersepted  by  the  structural  details  of 
the  columellarian  area  (PI.  XIV,  Fig.  II).  Those  first  developed 
are  always  the  longest,  and  are  termed  the  primary.  The  secondary 
septa  are  usually  small,  and  in  some  cases  are  hardly  recognizable 
in  the  zone  of  dense  vesicular  tissue  they  intersect. 

There  are  interseptal  spaces  between  both  the  primary  and  the 
secondary  septa,  and  more  or  less  occupied  by  interseptal  dis- 
sepiments (PI.  Ill,  Fig.  26c).  The  carboniferous  coi-als  belong 
generally  to  forms  in  which  the  septa  are  multiples  of  four.  This, 
however,  is  not  free  from  exception  ;  there  are  forms  in  which  the 
quaternary  arrangement  is  not  apparent. 


Mr.  Thomson  on  Corals  of  Carboniferous  System  of  Scotland.  309 

The  number  of  sej^ta  differ  according  to  the  age  and  development 
of  the  coraUum,  and,  therefore,  cannot  be  relied  upon  alone  for 
specific  diagnoses. 

In  some  forms  the  septa  are  rudimentary,  and  are  represented 
by  minute  spines  (PI.  V.,  Fig.  2),  in  others  minute  granules 
(PL  v.,  Fig.  1).  In  some  they  are  stout,  whilst  in  othera  they 
are  delicate,  and  the  laminae  are  hardly  recognisable.  In  all  cases 
the  septa  in  the  earlier  stages  of  growth  ai-e  considerably  stouter, 
and  the  bilamellar  airangement  is  early  developed. 

(4)  Columella. — The  columella  is  not  always  present.  In, 
however,  a  number  of  genera  it  is  conspicuous  in  the  calice,  and 
forms  an  impoi-tant  element  for  diagnostic  purposes  (PI.  III., 
Fig.  26c).  The  arrangement  of  the  structure  in  the  columellarian 
area  is  very  varied ;  in  some  genera  it  is  in  the  form  of  a  central 
road,  and  is  developed  in  combination  with  the  first  formed  septa, 
and  is  termed  essential.  The  styliform  columella  is  represented  in 
the  genus  Cyathaxonia  (PI.  X.,  Figs.  24  to  29).  In  other  forms 
the  central  area  is  composed  of  lamellae,  which  converge  inwards 
from  the  inner  ends  of  the  primaiy  septa  to  the  centre  of  the 
central  ai*ea,  and  may  be  termed  lamellar  (PI.  XIII.,  Fig.  1).  In 
others  the  lamellae  converge  inwards  from  the  inner  ends  of  the 
primary  septa,  and  unite  into  groups,  and  may  be  termed  fasciculate 
(PI.  XIV.,  Fig.  1). 

The  superior  extremity  of  the  columellarian  area  is  extremely 
varied.  In  some  forms  it  is  spiniform  ;  in  others  stellaform ;  in 
others  it  is  conical ;  in  others  dome-shaped  ;  in  others  helmet- 
shaped  ;  in  others  slightly  raised  at  the  margin,  and  more  or  less 
depressed  in  the  centre;  whilst  in  other  genera  it  assumes  the  form 
of  a  double  cup.  It  will  thus  be  apparent  that  the  central  area 
of  the  corallum  is  of  gi-eat  importance  for  diagnostic  purposes. 
Indeed,  I  venture  to  say  that  it  is  in  the  central  area  alone  we 
can  hope  to  define  accurately  either  genera  or  species. 

(5)  Costa. — The  costa  is  so  seldom  met  with  in  the  corals 
belonging  to  the  carboniferous  system,  that  it  is  only  necessaiy 
to  state  that  the  costa  is  regarded  as  a  prolongation  of  the  septa 
outwards  through  the  epitheca  (PI.  IV.,  Fig.  10). 

(6)  Endotheca. — The  structural  details  that  unite  the  septa  (PI. 
Ill,  Fig.  25c)  and  the  lamellae  (PI.  III.,  Fig.  26g)  closes  in,  and 
forms  the  floor  of  the  calicular  fossi,  constitute  the  endothecal 
sclerenchyma,  and  designated  by  M.  Edwards  and  J.  Haime 
dissepiments.    In  the  tabulate  the  floor  of  the  fossa  is  closed  in 
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by  plates  or  tabulae,  which  are  more  or  less  transverse  (PL  V., 
Fig.  6a). 

The  dissepiments  are  greatly  developed  in  some  genera,  and  rect- 
angular in  some  forms  (PI.  XIV.,  Figs.  1  to  10),  while  in  others 
they  are  more  or  less  angular  (PI.  XIV.,  Figs.  11  to  16).  In  other 
forms  they  are  delicate  and  form  a  dense  zone  of  vesicular  tissue 
around  the  periphery  of  the  corallum  (PI.  XL,  Figs.  1,  9, 
and  12),  which  in  a  longitudinal  section  are  convex — convexity 
upwards  and  inwards — and  arranged  in  oblique  rows  (PI.  XI., 
Figs.  1a,  2a,  3a). 

In  the  tabulata  the  endotheca  consists  of  horizontal  plates  or 
tabulte,  which  close  in  and  form  the  floor  of  the  fossa.  Their 
extent  varies  in  proportion  to  the  development  and  character  of 
the  vesicular  tissue  in  the  peripheral  region.  In  some  forms  the 
tabulae  extend  from  wall  to  wall,  and  thus  occupying  the  whole 
width  of  the  corallum  (PI.  V,  Fig.  1a).  In  others  the  tabulae 
varies  in  proportion  to  the  length — the  septa  extend  inwards  from 
the  periphery,  until  in  some  forms  they  are  all  but  obsolete  (PI. 
v.,  Fig.  18a). 

They  may  be  spai*se  and  rectangular  (PI.  V.,  Fig.  6a)  ;  or  they 
may  be  more  or  less  angular  (PI.  V.,  Figs.  1a  and  15a;  or  they 
may  be  convex  whilst  others  are  concave — indeed,  every  variety 
may  be  found  in  this  group  of  coralline  remains.  A  few  of  these 
are  represented  in  PI.  V,  Figs.  1a  to  16a). 

Professor  L.  Agassiz,  in  his  contribution  to  the  Nat.  Hist,  of  the 
N.  S.,  Vol.  III.,  Page  121,  places  Millepora  and  other  allied 
genera  in  the  tabulatae,  and  the  Rugose  Corals  are  genuine  hydroids 
allied  to  hydractiniae.  The  principal  distinctions  for  separating 
these  sections  from  the  true  Polyps  are  as  follows  : — The  quadri- 
partite structure  of  the  Hugosa  is  an  Acalphian  character,  and  that 
the  radiating  partitions  of  the  Hugosa  are  limited  to  successive 
horizontal  floors,  which  are  continuous  from  wall  to  wall  across 
the  total  width  of  the  calicular  cavity  of  the  coral,  and  that  no 
coral  known  to  be  the  skeleton  frame  of  a  Polyp  has  such  a 
structure.  On  the  contrary,  in  polypariae  the  radiating  portions  of 
the  individual  calices  occupied  by  distinct  animals  extends  un- 
interruptedly from  the  inferior  to  the  superior  extremity  of  the 
corallum,  and  if  there  exists  horizontal  floors,  these  stretch  only 
across  the  intervals  between  the  radiating  pai*titions  or  septa." 

Professor  Dana,  in  his  work  on  Corals  and  Coral  Islands, 
expresses  a  similar  opinion,  but  gives  no  i^easons  for  his  belief. 
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Professor  Verrill,  Ann.  and  Mag.  Nat.  Hist,  1872,  "On  the 
Affinities  of  the  Palseozoic  Tabulate  Corals  with  existing  Species," 
combats  the  deductions  of  Professor  Agassiz  that  the  whole  of  the 
tabulata  belong  to  the  hydroid  Polyps.  That  such  a  classificatory 
position  is  only  applicable  to  the  Millepores.  That  the  other  forms 
of  tabulata  ought  to  be  grouped  with  the  true  Polyps. 

L.  F.  de  Pourtal^*  Illustrated  Catalogue  of  the  Museum  of 
Comparative  Zoology  at  Harvard  College — Deep-sea  Corals,  No.  IV. 
The  Rugosa  he  places  at  the  end  of  the  'true  corals  at  page  49,  and 
from  the  examination  of  the  genus  Lophophyllum  proliferum  (M. 
Edwaids  and  Haime)  came  to  the  conclusion  that  the  tetrameral 
aiTangement  of  the  septa  for  the  Rugosa  is  only  apparent,  their 
being  originally  six  primary  septa.  He,  having  cut  the  coral 
transversely  at  different  parts  of  the  corallum,  and  at  the  base  or 
the  youngest  stage,  found  six  primary  septa  and  six  interseptal 
chambers. 

Subsequent  investigations  by  Professor  Moseley  on  the  structural 
details  of  Millepora  from  Tahiti,  has  shown  that  it  is  a  true 
Hydrozoon,  allied  to  Hydractinia,  as  Agassiz  maintained,  and  need 
not  be  further  referred  to. 

The  deduction  arrived  at  by  the  eminent  authors  may  be  briefly 
summarized  as  follows: — Professor  Agassiz  places  the  tabulate 
corals  as  genuine  Hydroid  allied  to  the  Hydractinia;  that  the 
extinct  Rugosa  probably  belongs  to  the  same  class.  The  reasons 
assigned  are — 

First — The  quadripartite  structure  of  the  Rugosa  is  an  Acal- 
phian  character. 

Second — The  radiating  partitions  or  septa  ai'e  limited  to  successive 
horizontal  floors  which  closes  in  the  calicular  cavity  from 
wall  to  wall. 

Third — That  no  coral  known  to  be  the  solid  frame  of  a  Polyp 
has  such  a  structure — on  the  contrary,  in  Polyparise  the 
radiating  partitions,  occupied  by  distinct  animals,  extend 
uninterruptedly  from  top  to  bottom  of  the  coi-allum. 

FourUi — And  if  there  exist  horizontal  floors,  they  stretch  only 
across  the  intervals  between  the  radiating  pai-titions. 

L.  F.  de  Pourtal^s  regards  the  tetrameral  an*angement  of  the 
septa  as  being  apparent,  and  asserts  that  the  hexameral  arrange- 
ment of  the  septa  is  found  in  Lophophyllum  proli/eruin. 
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As  regards  the  corals  of  the  carboniferous  system,  as  formerly 
stated,  much  yet  remains  to  be  done  before  we  can  assert  with  any 
degree  of  certainty  their  classificatory  value;  believing  that  other 
forms  will  yet  be  discovered  that  will  unite  more  closely  groups 
that  at  present  seem  to  be  anomalies.  With  our  present  know- 
ledge— which  is  founded  upon  the  examination  of  about  fourteen 
thousand  sectioned  foims — I  may  be  pennitted  to  place  on  record 
what  seems  to  me  to  be  an  approximate  value  of  the  deductions  of 
these  eminent  authors,  and  to  append  a  diagnostic  arrangement 
of  the  groups  in  my  cabinet,  and  to  arrange  them  in  what  seems 
to  me  to  be  their  classificatory  position. 

If  the  structural  characters  referred  to  by  Professor  Agassiz 
could  be  traced  as  extending  throughout  the  series  of  the  Kugosa, 
there  could  be  no  hesitation  in  accepting  his  opinions  i*egai*ding 
their  place  and  position  as  belonging  to  the  Hydrozoa.  Many  of 
the  simpler  forms  exhibit  the  charactei-s  refen^ed  to  by  him,  i.e., 
the  tabulae  extends  from  wall  to  wall  This  is  always  the  case  in 
those  genera  in  which  the  septa  are  either  awanting,  or  in  which 
there  is  only  one  system  of  septa  present.  There  are,  how- 
lever,  developed  in  the  genus  Calophyllum  a  system  of  secondary 
septa,  in  which  the  tabulae  are  irregular  in  their  form,  and 
near  their  outer  margins  there  are  irregidarly  disposed  a  series 
of  convex  plates,  which  at  their  iimer  ends  rest  upon  the 
tabulae,  and  extend  outwards  to  the  wall  of  the  coralluni.  (PI. 
v.,  Figs.  10a,  11a,  12a,  and  14a.)  In  those  forms  in  which  the 
primary  septa  are  more  developed,  there  is  a  corresponding 
increase  in  their  number  (PI.  V.,  Fig.  17a),  and  the  tabulae  are 
more  or  less  intersepted  by  a  zone  of  loose  vesicular  tissue,  which 
in  the  transverse  section  are  seen  to  be  the  primary  interseptal 
dissepiments.  (PI.  V.,  Figs.  10,  11,  12,  14,  and  17.)  It  will 
thus  be  seen  that,  in  those  forms  in  which  the  secondary  septa  are 
more  or  less  developed,  the  tabulae  are  more  or  less  intersepted 
by  the  vesicular  tissue  that  is  developed  in  the  interseptal  spaces; 
indeed,  in  proportion  with  the  increased  length  of  the  septa,  and 
the  greater  development  of  the  interseptal  dissepiments  there  is  a 
proportionate  diminution  in  tlie  width  of  the  tabulae  in  the  central 
area,  which  may  be  traced  in  the  most  minute  gradations  through- 
out the  genus  Calophyllum  and  passing  into  the  genus  Campo- 
phyllum,  until  in  Cyathophyllum  regiuin,  in  which  the  tabulae  only 
occupies  the  centre  of  the  central  area. 

In  the  great  majority  of  the  tabulate  foims  the  septa  extends 
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inwards,  and  rest  upon  the  superior  face  of  the  tabulae,  and  have 
thus  one  of  the  characters  upon  which  Prof.  Agassiz  based  his 
opinions,  i.e.,  that  the  Rugosa  belong  to  the  Hydrozoa.  This 
character,  however,  is  only  observable  in  those  forms  in  which  the 
tabulae  occupy  a  large  proportion  of  the  total  width  of  the  corallum; 
and  in  which  the  septa  are  restricted  to  the  upper  chamber  of  the 
corallum.  There  is,  however,  a  number  of  forms  whose  generic 
relations  are  based  upon  the  presence  of  a  columellarian  rod, 
extending  from  the  base  of  the  corallum  to  the  crown  of  the 
calicular  cavity,  and  which  may  be  said  to  form  an  intermediate 
group,  which  merge  on  the  one  hand,  into  a  group,  which  are 
developed  either  by  fission,  or  by  gemmation,  in  which  case  the 
young  grows  side  by  side  with  the  parent  corallite,  and  therefore 
exhibits  the  characters  assigned  to  the  Zoanthida  Rugosa.  And 
on  the  other  hand,  there  are  forms  in  which  may  be  traced  the 
different  modifications  from  the  simple  columellarian  rod,  differen- 
tiating in  varied  directions,  and  passing  from  the  simple  rod  into 
forms  in  which  the  tabulae  are  all  but  superseded  by  vesicular 
tissue  (PI.  XI.,  Figs.  6,  5,  2,  9,  12,  and  15),  and  which  merge 
into  others,  in  which  the  lamellae  of  the  columellarian  area  is  fore- 
shadowed, and  extending  from  the  columella  outwards  to  the 
inner  ends  of  the  primary  septa  (PI.  XI.,  Fig.  14),  and  thus 
form  an  intermediate  group  between  the  tabulata  and  another  large 
and  varied  series,  in  which  the  septa  and  the  lamellae  in  the 
central  area  extends  from  the  inferior  to  the  superior  extremity  of 
the  corallum  (PI.  XIII.,  Fig.  8a),  in  all  of  which  there  is  a 
more  or  less  dense  vesicular  tissue  developed  between  both  the 
lamellae  and  the  septa,  characters  which,  based  \x\)oxi  the  opinion 
of  the  eminent  author,  will  exclude  them  from  being  classed  with 
other  Hydrozoa. 

In  regard  to  the  apparent  tetrameral  septa  in  the  Rugosa,  and 
the  hexameral  arrangement  of  the  septa,  referred  to  by  L.  F.  de 
Pourtal^,  as  occurring  in  the  genus  LopJiophyllum^  I  must  express 
a  decidedly  adverse  opinion  to  that  eminent  observer.  I  have 
examined  a  large  series  of  specimens  of  that  genus,  cut  transversely 
at  different  heights  of  the  corallum,  and  in  no  instance  have  found 
the  primary  septa  arranged  as  indicated  by  him.  In  sections  made 
a  line  from  the  base  I  found  four  primary  and  four  secondaiy  septa, 
and  in  all  the  sections  made  at  different  stages  the  quadrapaitite 
arrangement  of  the  septa  is  alone  found.  His  objections,  therefore, 
must  be  put  aside  as  untenable. 
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If  I  may  be  permitted  to  assign  a  classificatory  position  to  those 
in  which  the  lamellse  and  the  septa  extends  from  the  base  to  the 
upper  extremity  of  the  corallum,  I  believe  their  proper  position  is 
to  group  them  as  belonging  to  the  Actinozoa.  I  have,  therefore, 
appended  a  diagnostic  table  in  which  I  have  provisionally  grouped 
them  according  to  their  structural  affinities.  As  just  stated,  this 
must  be  regarded  as  provisional,  believing  that  intermediate  forms 
will  be  discovered  which  will  unite  them  even  more  closely,  and 
illustrate  that  development  has  been  progressive,  and  that  each 
group  has  differentiated  from  either  inherent  causes  in  the  animal 
or  modification  from  the  altered  conditions  of  the  surroundings. 


IV. — Generic  Relations. 


In  tracing  the  generic  relations  of  the  different  groups  of  coralline 
i*emains  of  the  carboniferous  system,  I  do  so  with  a  full  conviction 
of  the  difficulties  that  everywhere  present  themselves.  I  hope  to 
point  out  clearly  that  the  innate  tendency  to  variation  is  charac- 
teristic of  every  group.  Indeed,  so  much  so  is  this  apparent  that 
no  rigid  definition  of  what  constitutes  a  genus  can  be  adopted,  and 
that  all  that  we  can  do,  with  our  present  knowledge,  at  best  must 
be  regarded  as  provisional.  Imperfect  though  our  investigations 
are,  yet  the  facts  revealed  indicate  that  other  and  important 
sti-uctural  details  will  be  discovered,  which  will  demonstrate  that 
during  the  long  period  of  time  when  the  matrix  was  being  deposited 
in  which  these  organic  remains  are  found,  changes  in  the  physio- 
logical conditions  of  the  animals,  induced  not  only  by  the  innate 
tendency  to  variation,  but  also  from  the  altered  conditions  of  the 
sun-oundings,  has  more  or  less  produced  modifications;  and  that, 
in  order  that  we  may  know  their  place  and  position,  we  can  only 
be  guided  by  reference  to  the  facts  as  revealed  in  the  structural 
details  and  disposition  of  their  parts,  and  by  this  means  trace  the 
connecting  links  that  unite  not  only  the  different  parts  into  an 
harmonious  whole,  but  also  to  bind  and  connect  the  different  genera, 
and,  if  possible,  unite  the  tangled  thread  that  binds  the  simpler 
forms  through  the  different  stages  of  development,  until  we  i-each 
the  most  complex  organised  species,  and  thus  bridge  the  different 
groups,  and  trace  their  relations  from  the  simple  and  structureless 
Aulopora  (Goldfuss)  through  the  series  until  we  unite  and  trace  their 
development,  and  ho})e  to  be  able  to  demonstrate  that  their  passage 
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from  the  simple  forms  to  the  most  complex  groups  is  almost  by 
imperceptible  gradations. 

In  considering  the  different  groups  and  their  classilicatory  value, 
I  have,  as  far  as  possible,  followed  the  classification  of  M.  Edwards 
and  J.  Haime.  There  are,  however,  exceptions.  I  have  separated 
their  genus  Avlophyllum  from  the  GyathophyUidce^  and  grouped 
it  and  the  genus  Cyclophyllum  (Duncan  and  Thomson)  into  a 
distinct  family,  viz.,  Diplocyatlwphyllidai.  Although  in  this  group, 
as  in  all  the  others  found  in  the  carboniferous  system,  there  ai*e 
intermediate  forms  which  unite  and  link  together,  not  only  families 
and  genem,  but  also  species;  but  conceives  that  the  true  definition 
of  a  family  should  rest  upon  the  different  patterns  of  forms  in- 
duced by  distinct  embryological  details  in  the  morphology  of  the 
animals  that  fabricated  and  exhibited  in  the  structural  details  of 
the  corallum,  and  their  generic  relations  upon  their  structural 
details,  and  their  specific  distinction  upon  the  relative  parts. 

In  this  I  have  alone  been  guided  by  the  data  presented  from  a 
careful  examination  of  an  extensive  series,  consisting  of  many 
thousands  of  sectioned  specimens.  It  is  quite  possible  that  my 
deductions  may  be  objected  to,  arising  from  preconceived  views; 
but  I  venture  to  assert,  if  there  are  those  who  hold  an  adverse 
opinion,  if  they  conscientiously  examine  the  structural  characters 
of  these  and  allied  gi'ouj^s  they  will  soon  perceive  how  distinct  and 
natural  their  classificatory  position  is;  and  will  soon  find  how 
the  forms  of  the  group  expresses  the  charactei-s  of  a  natural  and 
distinct  family;  aud  that  in  each  genus  there  are  central  types  in 
which  there  are  structural  details  distinct  and  easily  separable  from 
their  nearest  allies,  and  Low  marked  and  distinct  the  relative 
proportion  of  the  parts  render  their  separation  and  specific  dis- 
tinction of  classificatoiy  value.  If,  however,  future  investigations 
should  reveal  data  that  will  warrant  a  rearrangement  of  families, 
genera,  and  species,  I  hope  the  results  of  my  investigations,  if  not 
a  decided  gain  to  science,  will  at  least  help  othera  to  define  with 
greater  precision  the  families  herein  referred  to,  and  pai-tially 
characterized.  1  am  satisfied  that  the  systematist,  with  more 
favourable  opportunities  than  I  can  claim,  at  some  future  time  will 
find  it  necessary  to  rearrange,  and  possibly  a  further  subdivision 
of  several  families,  and  in  all  likelihood  the  reunion  of  others. 

I  propose  biiefly  to  describe  the  generic  character  of  each  genus, 
and  where  it  is  practicable,  to  select  central  types,  and  to  examine 
wherein  those  generic  central  forms  are  found  to  merge  into  their 
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nearat  allies.  In  doing  so,  I  am  well  aware  of  the  difficulties  that 
sorround  the  investigation  of  this  wonderfol  and  yaiied  groap  of 
organic  remains,  and  hope,  by  means  of  the  extensive  series  of  plates 
which  the  Council  of  the  Society  have  authorized  me  to  illustrate 
my  address  with,  to  be  able  to  show  wherein  the  structural 
peculiarities  support  the  view  that  development  has  been  bron^t 
about  by  a  slow  and  long-continued  process  of  evolution. 


DIAGNOSTIC  CLASSIFICATION. 


>  Aulopoia. 


^Gemmation  by  biidi,  the  /  without  tabnU  or  J 
yoimg   conllite  is  a  I  indicated, 
prolongation   of   the  /  septa  none, 
parent,  and  form  com-  |  tabula  rudimentary.  |  ^,  , 
ponnd  communities,     ^septa  indicated.      j  onus. 

The  young  are  developed 
from  ova,  and  are 
simple  and  free. 

I septa  more  or  less  . 
developed.  / 
tabula  at  the  base  (  ^^^^^^^^^P^y""™' 
of  the  coraUum.  ) 


/  without  UbuU.  IpyreU. 
y  septa  indicated.  j 


Gemmation  either  by 
buds  or  by  fission,  and 
in  compound  com- 
munities. 

Gemmation   either    by  / 
buds  or  intermural, 
parasitic,  and  in  com-  i 
pound  communities. 

Gemmation  is  by  buds,  or 
intermural,  and  the 
principle  corallites,  arei 
surrounded  by  minute 
vesicular  cells. 


Developed  by  ova,  simple 
and  free. 


,  with  moral  po«8.  )  ^iveolitea. 
tebnU    weU  de.|j^^^ 

veloped.  ' 

without    mural  "i  ^  . 

pores.  1  Synngopora. 

with  mural  pores, 
tabula  sparse. 


Favosites. 


<  with  mural  pore..     1  FjrtuUpora. 
tabu  a    weU     de- Uonticulapora. 

veloped.  ' 

tabula  doubtful. 


Paheces. 
Ichsetetes. 
)  Diastopora. 


Developed  from 
simple  and  free. 


ova, 


'  tabula  present. 
|sepU  one  cyclum,  K  , 
^    rudimentary,    or  i 
^    wanting.  ' 

'  with  tabula.  ^ 
septa,  primary  well  I  Calophylluui 
developed,  /  Zaphrentis. 

secondary  rudi-l  Cyathopsis. 
mentary.  ) 
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ith  tabula.  >i 
pta,  with  primary  K 
and  secondary.  ) 


( Developed    from   ova,  (        tabula.  ^ 
I    simple  and  free.         j  with  primary  [Campophyllum 

V     and  secondArv  I 


I  Gemmation   by  buds. 
The  young  remain  at-  / 
tached,  and  form  com- 
pound  communities. 


Gemmation     by  *  ova, 
simple  and  free. 


'with  tabula.  j 

septa,  with  primary  (  ^iP^JpliyUum. 

and  secondary.     )  Cyathophyllum. 
with  tabula.  .rp, 

tabula  divided       x  ^^^^^f trotian. 

twobyacolumel.f^'^j^f* 
larianrod.  (    and  the  compound 

septa  of  two  orders.  )       .  1°'°^ 

Koninckophyllum. 

tabula  divided   in  \ 

two  by  a  columel- 1  H«t«K>phyllum. 

larian  rod.  I  Koninckophyllum. 

septa  of  two  orders.  '  -^crophyllum. 

Cyathaxona. 


septa  of  two  orders, 
with  columel- 
larian  rod. 


Gemmation    by  ova, 
simple  and  free.    The  i 
floor  of  the  calice  is  | 
closed  in   by  septa, 
lamelks,  and  the  inter- 
septal  and  the  interla- 
cellar    spaces,    and  j 
closed  in  by  interseptal  I 
dissepiments. 


septa  of  two  orders.  / 


Ix)phophyllum. 
Axophyllum. 
Dibunophyllum. 
ClisiophyUum. 
Densyphyllum. 
Fasiculophyllum. 
Cen  trocellulosum . 
Carciuophyllum. 
Histeophyllum. 
Aspidophyllum. 
Centrophyllum. 
Cymateophyllum. 
Albertia. 
Rhodophyllum. 
fsepta  of  two  orders  A 
the  columellarian  I 
area  is  occupied  I 
with  a  tube,  and  }  ^ulophyllum. 
the  calice  is  inj  ^Vclophyllum. 
the  form  of    a  I 
double  cup.  / 

)  Agassizia. 
I  Mortiera. 
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In  tracing  the  generic  relations  of  the  corals  of  the  carboniferous 
system,  it  seems  to  me  to  be  the  most  natural  and  most  interesting 
method  to  begin  with  the  simpler  forms,  and,  if  possible,  trace  how 
they  diverge  and  pass  into  other  allied  genera.  Then  I  shall  take  in 
rotation  those  groups  which  possess  characters  which  are  more  or 
less  foreshadowed  in  the  preceding  genera.  In  following  out  this 
method,  it  will  be  necessary  to  briefly  describe  the  generic  charac- 
ters of  each,  to  refer  shortly  to  the  author  of  each  genus,  and  also 
to  those  authors  whose  opinions  are  at  variance  with  the  structural 
details  as  seen  by  me.  I  shall  accordingly  begin  with  the  genus 
Aulopora  and  its  allies. 

As  regards  the  relationship  of  the  genus,  Aulopora  may  be  said 
to  be  distinguished  by  characters  of  an  exceedingly  distinct  nature. 
But,  like  all  the  other  genera  of  this  gi-eat  class,  there  are 
structural  characters  which  merge  into  and  ujiite  them  with  allied 
forms,  and  which  also  diverge  in  different  directions.  Kegarding 
these  points  considerable  differences  of  opinion  have  been  expressed 
by  authors  who  have  more  or  less  devoted  their  attention  and  have 
tried  to  elucidate  their  histological  relations. 

In  1850  Milne-Edwai'ds  and  J.  Haimc  (Brit  Foss.  Corals, 
introd.,  p.  76)  places  AvZopora  and  Cladochonus  as  belonging  to 
the  family  AkyonidcBy  and  gives  the  following  reasons : — "  The 
genus  resembles  Comularia  and  Sarcodictyon  in  rising  from  creeping 
filiform  anastomosing  stolons,  but  difler  from  these  by  their  thick 
calcareous  polypidom." 

Professor  L.  G.  de  Koninck  (Nouv.  Eech.  sur  les  An.  Foss.,  p.  148, 
PI.  IX.)  defines  AtUopora  as  being  sessile,  gemmation  lateral, 
cylindrical,  and  dependent  on  one  an'other ;  that  the  visceral 
chambei*s  of  the  parent  communicates  freely  with  the  young  coral- 
lites;  stria  distinct  or  wanting.  He  remarks  that  the  resemblance 
between  certain  species  of  the  Bryozaries  is  so  great  that  mistakes 
have  been  made  in  describing  them,  and  in  certain  cases  they  are 
like  Syringopora,  which  led  Fischer  de  Waldheim,  and  likewise 
Edwai*ds  and  Haime  to  associate  the  two  genera  with  each  other. 
At  p.  154,  he  describes  the  characters  of  Cladochonus,  and  states 
that  the  French  actinologists  and  the  generality  of  naturalists  of 
the  other  countries,  place  this  latter  genus  with  the  Aulopw*ay  and 
further  states  that  it  seems  en'oneous  to  place  Cladochonus  and  the 
genus  Pyrgia  as  belonging  to  one  genus,  and  regards  Pyrgia  and 
Aulopora  as  distinct  in  their  character. 

Professor  Nicholson,  in  his  work  upon  Tabulate  Corab,  p.  219, 
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asserts  that  there  are  tabula  iii  typical  forms  of  Aulopora.  He 
combats  the  views  of  E.  and  H.  that  Aulopora  has  any 
relation  with  the  genus  Syringopora.  His  reasons  are  that 
Aulopora  is  parasitic,  and  that  Syringopora  throws  up  numerous 
erect  corallites  from  the  basal  network,  and  that  the  network  has  a 
separate  existence  from  the  erect  tubes,  as  it  is  usually  found. 
And,  at  p.  222,  he  asserts  "  that  there  is  no  reasonable  doubt  that 
the  genus  Pyrgia  (E.  and  H.)  is  really  founded  upon  forms  of 
Cladoclionus  (M'Coy),  and  therefore  must  be  withdrawn  in  favour 
of  the  latter  genus."  And,  at  p.  223,  he  refers  to  the  generic 
characters  of  the  genus  Monilopora  (N.  and  E.),  in  which  he 
includes  only  that  curious  Cladochonus  crassa  (M^Coy),  and  refers 
to  its  earlier  development,  and  states  that  it  commences  in  the 
form  of  a  ring  and  encircling  the  column  of  a  crinoid.  He  bases 
their  generic  characters  upon  the  wall  being  thick,  and  by  the 
presence  of  delicate  concentric  layers  of  sclerenchyma,  and  united 
by  numerous  cross-bars  of  trabecula.  Further,  he  states,  if  he  is 
correct  in  refenung  Syringopora  to  the  perforate  corals,  then  the 
Auloporida  has  no  alliance  with  the  Syringoporida, 

In  consequence  of  the  remarkable  conclusions  expressed  in  the 
communication  by  Nicholson  and  Etheridge,  jun.,  and  subsequently 
repeated  in  Dr.  Nicholson's  Memoir,  I  have  deemed  it  advisable 
to  insert  at  greater  length  both  generic  and  specific  descriptions 
of  the  group  than  in  ordinary  circumstances  I  would  regard  as 
necessary,  in  order  to  show  that  the  structural  characters  upon 
which  they  base  their  genus  Monilopora  may  be  more  or  less 
found  in  all  the  varieties  of  Cladoclionus  that  I  have  examined. 
The  specimens  I  have  examined  are  numerous — at  least,  several 
hundreds.  Their  mistake  must  have  arisen  from  the  fact  that 
the  specimens  they  examined  had  been  rendered  imperfect  from 
fossilization.  It  is  therefore  not  without  considerable  hesitation 
that  I  have  to  express  an  opinion  at  variance  regarding  the 
creation  of  the  genus  Monilopora  as  distinct  from  Cladochonus 
(M^Coy),  and  also,  the  deleting  of  the  genus  Pyrgia  (E.  and  H.). 
I  have  in  vain  sought  for  characters  sufficiently  distinct  to  war- 
rant their  deductions,  and  conceive  that  Cladochonus  must  be 
the  generic  name  for  the  group.  The  structure  referred  to  as 
occurring  in  the  sclerenchyma  of  {Monilopora),  Cladochonus  crassa 
(M*Coy),  may  be  detected  in  microscopic  sections.  In  all  the 
specimens  I  have  examined  (which,  I  may  say,  are  numerous — 
'    at  least,  several  hundreds),  I  believe  that  that  genus  must  be 
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abaudoned.  I  believe  that,  where  there  is  a  continuous  series 
of  the  different  varieties  of  the  genus  Cladocfumics  to  examine, 
there  is  no  palaeontologist  that  will  establish  generic  distinction 
upon  details  of  structure  that  seems  to  me  to  be  nothing  more 
than  specific  characters.  True  generic  distinction  can  only  be 
well  founded  upon  structure  which  is  clearly  indicated  through- 
out a  group.  It  may  be  objected  that  the  limitation  of  generic 
relations  depends  in  a  great  measure  upon  preconceived  views, 
and  that  there  are  points  upon  which  naturalists  disagree  in 
their  estimate  of  the  structural  charactei's.  This  is  well  demon- 
strated in  the  group  imder  consideration;  but,  let  those  who  think 
that  they  may  divide  organic  remains  as  they  please,  try  to 
distinguish  the  different  characters  of  the  group,  and  the  condition 
they  are  found  in,  and  I  venture  to  assert  that  they  will  be  more 
particular  in  their  definition,  and  will  perceive  how  each  group 
varies,  and  how  chaotic  are  the  accumulations  of  genera  founded 
upon  simple  modifications  of  structure,  and  more  especially  upon 
the  structural  characters  found  in  the  septal  zone,  and  they  will 
soon  find  out  that,  to  establish  a  genus  with  any  degree  of  satis- 
faction, it  Ls  absolutely  necessary  to  examine  a  large  series  of 
specimens.  They  will  discover  that,  if  every  modification  in  the 
structural  details  of  the  peripheral  zone  is  to  be  considered  as  the 
basis  of  a  distinct  generic  group,  the  number  of  genem  will  be 
increased  beyond  measure. 

In  order  that  this  may  be  clearly  understood  I  will  briefly 
describe  the  generic  and  specific  relations  of  the  specimens  lying 
before  me,  and  try  and  show  their  generic  distinction,  and  how 
they  merge  in  their  generic  charactei-s  into  other  allied  groups, 
and  how  their  development  indicates  central  types  which  diverge 
in  different  directions.  And  in  order  that  their  relationship  may 
be  clearly  indicated,  I  will,  in  the  first  place,  notice  the  structural 
character  of  those  forms  which  form  central  types,  and  then  refer 
to  the  group  that  diverge  on  tbe  one  side.  Afterwards  I  shall 
describe  those  whose  stiiictural  details  indicate  a  divergence  in  the 
opposite  direction.  Although  this  may  not  seem  to  be  a  connected 
series,  yet,  I  venture  to  say,  that  it  is  the  only  method  that  can  be 
adopted  in  order  that  their  progressive  development  and  their 
disposition  to  divergence  can  be  clearly  indicated. 
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HYDROZOA. 

FAMILY  AULOPORIDiE. 

Genus  Aulopora.  (Goldfiiss.) 

Generic  Characters, — Coralluni  compound,  cylindrical,  and  com- 
posed of  encrusting  f rondescent  and  more  or  less  closely-aggregated 
tubular  offsets  from  the  lateral  margins  of  the  central  tubular 
corallite  and  reticulate  tubular  expansions.  All  the  young  corallites 
are  kept  in  union  with  one  another  by  the  epitheca,  with  an  axial 
canal  in  free  communication  with  the  tube  of  each  of  the  young 
appended  corallites.  The  calice  is  deep  and  slightly  i-aised  above 
the  encrusting  corallum.  In  some  forms  the  calice  is  up-curved 
at  the  distal  end  of  the  cylindrical  corallum.  In  the  reticulate 
varieties  the  calice  is  usually  situated  at  the  point  of  bifurcation, 
and  the  elevation  of  their  margins  is  variable,  usually  from  a  third 
of  a  line  to  a  line  in  height.  The  epitheca  is  smooth,  and  there 
are  delicate  annulations  of  growth.  The  endotheca  forms  the  inner 
boundary  of  the  more  or  less  dense  granular  sclerenchyma.  The 
space  between  the  epitheca  and  the  endotheca  is  occupied  by 
granular  sclerenchyma  which  is  less  dense,  which  in  a  tranverse 
section  has  indications  of  extremely  faint  strije. 

A  ulopora  gigantea.    ( M  *Coy . ) 
Plate  III.,  Fig.  9. 

Specific  Characters, — Corallum  compound,  parasitic  upon  the 
under  surface  of  Phillipsa^trea  radiata,  and  consists  of  a  loose 
reticulate  colony  of  cylindrical  corallites,  and  there  is  free  com- 
munication by  the  visceral  chamber  through  the  colony.  The 
corallites  are  about  half-a-line  broad.  The  calice  is  wide  and 
raised  about  half-a-line  above  the  procumbent  community,  and 
situated  at  the  junction  of  the  parental  tube  and  the  young 
corallites.  The  epitheca  is  smooth,  and  there  are  faint  annulations 
of  growth.  This  species  can  at  all  times  be  distinguished  by  the 
procumbent  reticulate  aspect  of  the  community  and  the  position 
of  the  calicular  cavity. 

Formation, — Lower  Carboniferous. 

Locality, — Blackridge,  Dumfriesshire.    This  is  the  only  locality 
that  I  have  discovered  this  species  in. 
Vol.  XIV.  X 
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Anlopora  campanulata.  (M^Coy.) 
Plate  III.,  Fig.  4. 

Specific  Characters, — Corallum  compound,  pai'asitic  upon  PhiUips- 
aetrea,  aaid  consists  of  closely-aggregated  reticulate  colonies  of  stout 
and  short  cylindrical  corallites;  diameter  of  the  tubes,  three- 
quai*ters  of  a  line,  and  there  is  free  communication  between  the 
parent  and  the  young  corallites.  The  calice  is  about  the  width  of 
the  diameter  of  the  tubular  coi-allites,  and  i-aised  above  the  pro- 
cumbent community  fully  half-a-line,  and  are  closely  aggregated 
together — indeed,  their  walls  are  often  in  union  with  each  other. 
There  is  always  one,  and  frequently  two,  calices  at  the  junction  of 
the  reticulate  corallites.  The  epitheca  is  smooth,  and  there  are 
faint  annulations  of  growth.  The  walls  are  stout,  and  the  space 
between  the  epitheca  and  the  endotheca  is  occupied  by  minute 
granular  sclerenchyma,  which  is  more  or  less  arranged  into  strise 
or  pseudo-septa,  and  there  are  indications  of  minute  trabecula 
uniting  the  pseudo-septa,  and  at  the  base  of  some  of  the  corallites 
there  are  developed  minute  angular  tabula*,  which  is  in  the  propor- 
tion of  one  tabulate  form  to  twenty  of  those  in  which  there  are  no 
tabula  developed,  and  thus  form  an  intermediate  variety  between 
the  non-tabulate  species  of  Avlojyora  and  the  allied  tabulata. 

This  species  is  readily  distinguished  from  Aul  gigantca  by  the 
smaller  size  of  the  reticulations,  by  the  greater  stoutness  of  their 
walls,  and  the  fact  that  the  calices  are  developed  often  in  union 
with  each  other,  and  they  are  never  so  wide  at  their  apex,  and  by 
the  presence  of  the  pseudo-septa  imbedded  in  the  granular  scleren- 
chyma. 

Forvmtion — Lower  Carboniferous. 

Locality, — Found  at  Wistown,  Lanarkshire;  and  Blackridge, 
Dumfriesshire.  ^ 

Aulopora  gracilis.  (Thomson.) 
Plate  IIL,  Fig.  1. 

Specific  Characters, — Corallum  compound,  minute  creeping 
branched  system  of  cylindrical  tubes,  which  are  slightly  raised  at 
the  distal  extremity  of  the  procumbent  parasitic  colony.  These 
tubular  corallites  are  about  one-fifth  of  a  line  in  diameter,  and 
there  is  free  communication  throughout  the  colony,  the  mesenteric 
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cavity  being  continuous  from  the  parental  tube  into  the  young 
corallites.  The  calice  is  not  more  than  the  diameter  of  the  tubular 
corallites  are  wide.  The  epitheca  is  smooth,  and  there  are  faint 
annulations  of  gi*owth. 

This  species  is  usually  parasitic  upon  the  epitheca  of  cup  corals, 
and  is  readily  distinguished  from  the  preceding  species  by  its 
encrusting  dendriform  aspect  and  the  small  cylindrical  corallites. 

Formation. — Lower  carboniferous. 

Locality. — Found  in  Bathgate  Quarry,  Linlithgowshire ;  and  at 
Broadstone,  Beith,  Ayi-shire. 

Genus  Cladochonus.  (M*Coy.) 

Generic  Characters, — Corallum  compound,  cylindrical,  and  the 
walls  are  of  variable  stoutness,  and  always  develoj^ed  in  the  form 
of  upright  branching  and  reticulate  colonies  rising  from  one 
corallite,  and  bifurcating  at  various  angles  in  the  different  species; 
and  there  is  free  communication  between  the  parent  and  the  young 
corallites  by  a  prolongation  of  the  visceral  chamber  of  the  former, 
and  extending  throughout  the  latter ;  and  all  are  kept  in  union  by 
the  epitheca.  The  calice  is  deep  and  thin  around  the  apex,  and 
widely  open  at  the  distal  extremity  of  each  of  the  up-curved  and  more 
or  less  conical  corallites.  The  epitheca  is  smooth,  and  there  are 
delicate  annulations  of  growth.  The  endotheca  forms  the  inner 
boundary  of  the  granular  sclerenchyma.  The  intervening  space 
is  occupied  by  more  or  less  dense  sclerenchyma,  which  in  some 
forms  consists  of  pseudo-concentric  layers,  and  in  one  variety 
there  are  a  series  of  indistinct  semicircular  cells  around  and 
attached  to  the  inner  boundary  of  the  epitheca,  and  all  are  united 
by  minute  granular  tissue.  In  some  forms  the  visceral  chamber 
is  free,  whilst  in  others  it  is  more  or  less  intersected  by  vesicular 
tissue,  which  near  the  base  of  the  visceral  chamber  is  all  but 
rectangular,  and  becomes  elongated  convex  cellular  tissue,  ex- 
tending upwards  and  inwards;  and  there  is  an  irregular  free  space 
in  the  centre  of  the  corallites.  This  cellular  tissue  is  not  always 
present  Plate  IIL,  Fig.  2,  represents  a  portion  of  a  large  slab 
of  limestone,  which  is  literally  crowded  with  this  species;  and 
throughout  the  entire  width  those  forms  with  the  vesicular  tissue 
are  in  the  proportion  of  one  to  four  of  the  non-cellular  corallites; 
and  in  all  the  specimens  that  I  have  seen,  a  similar  proportion  is 
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constantly  pi-esent.  We  have  thus  in  this  group  a  transitional 
character,  uniting  on  the  one  hand  the  genus  Atdopora,  and  on 
the  other  merging  into  the  genus  Si/ringoporidce. 

Cladochomis  crass hh.  (M*C-oy.) 
Plate  III.,  Figs.  7,  8,  and  8.\. 

Specific  Characters, — Corallum  compound,  erect  and  branching 
colony,  and  basally  fixed  by  the  primary  corallite  to  some  foreign 
body  (Fig.  8),  and  developed  from  one  another  by  lateral  buddiiig 
(Fig.  8a),  and  the  young  diverge  in  opposite  directions,  and  produces 
frondescent  compound  communities.  The  corallites  are  conical ;  they 
are  slender  at  their  base,  and  dilated  at  their  superior  extremity, 
and  there  is  free  communication  between  the  parent  and  the  young 
by  the  continuation  of  the  visceral  chamber  into  the  tubular  young 
corallites.  Fig.  7  represents  the  inferior  boundary  of  a  group, 
indicating  that  they  had  encircled  some  perishable  body,  whose 
decay  left  the  circular  group  free.  The  young  are  developed  and 
diverge  in  different  directions.  The  calices  are  broad  and  deep, 
the  epitheca  is  smooth,  and  there  are  faint  annulations  of  growth. 
The  walls  are  stout  and  granular,  which  in  a  transverse  section 
are  seen  to  indicate  pseudo-concentric  layers,  and  united  by 
gi^nular  tissue. 

Formation, — Lower  carboniferous. 

Locality. — Found  at  Brockley,  near  Lesmahagow,  Lanarkshire, 
on  the  top  of  the  encrinital  limestone. 

Cladochonus  hacillarinfi.  (M*Coy.) 

Plate  III.,  Fig.  6. 

Specific  Characters. — Corallum  compound,  erect  and  sparsely 
branched  colonies.  The  stems  are  slender,  and  basally  fixed  to 
some  foreign  body,  and  developed  by  lateral  budding,  and  the 
young  diverge  in  different  directions.  The  corallites  are  long  and 
slender,  and  abruptly  dilate  at  their  superior  extremity,  and  there 
is  free  communication  beween  the  colony  by  the  continuation  of 
the  visceral  chamber.  The  walls  are  stout,  and  two-thirds  of  a 
line  in  diameter,  and  the  visceral  chamber  is  about  a  fourth  of  the 
total  diameter  of  the  corallum.    The  wall  consists  of  granular 
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sclerenchyma,  and  there  is  a  psuedo-concentric  arrangement  indi- 
cated and  there  ai-e  minute  semicircular  cells  attached  to  the  inside 
of  the  wall.  The  calice  is  about  double  the  diameter  of  the  stem, 
and  extends  laterally  about  half-a-line  from  the  vertical  plane  of 
the  tubes.  The  epitheca  is  smooth,  and  there  are  faint  annula- 
tions  of  growth. 

Formation, — Lower  carboniferous. 

Locality, — Found  in  Auchenskeoch  Quarry,  near  Dairy,  Ayr- 
shire. 

This  species  is  readily  distinguished  from  the  preceding  by  the 
spai-se  development  of  the  corallites,  and  by  the  long  slender  tubes. 
The  wall  is  considerably  stouter,  and  the  visceml  chamber  is  much 
more  circumscribed. 

Cladochonus  giganteus.    (Thomson.)    Sp.  nov. 
Plate  III.,  Fig.  5. 

Specific  Characters, — Corallum  compound,  large  and  erect  reti- 
culate branches,  which  rise  from  a  basal  corallum.  The  corallites 
are  cono-cylindrical  and  stoUt,  and  the  visceral  chamber  is  in  free 
communication  throughout  the  colony.  Gemmation  is  by  lateml 
budding.  Tlie  calice  is  slightly  wider  than  the  average  diameter 
of  the  corallites.  The  walls  are  moderately  stout,  and  the  space 
between  the  epitheca  and  the  endotheca  is  occupied  by  granular 
sclerenchyma,  which  exhibits  a  pseudo-concentric  arrangement  in 
a  transverse  section.  The  epitheca  is  smootli,  with  faint  annula- 
tions  of  growth.  Fig.  5  exhibits  the  external  aspect  of  the 
species  near  tJie  lower  extremity,  and  at  the  distal  ends  the 
species  is  ground  down  to  expose  the  structural  character  of  the 
corallum. 

Formation, — Lower  carboniferous. 

Locality, — Found  at  Arbigland,  Kirkcudbrightshire. 

This  species  is  abundant  at  Arbigland,  and  associated  with 
several  species  of  Syringopora  and  Lithostrotiony  and  conjointly 
form  one  of  seven  fringing  reefs  that  surround  the  only  fossil 
atoll  that  has  come  under  my  observation.  I  believe  that  it  is 
the  first  time  that  a  fossil  atoll  has  been  recorded.  By  and  by  it 
is  my  intention  to  describe  this  remarkable  discovery  in  detail; 
meanwhile  I  wish  merely  to  record  the  discovery. 
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CLadochoniis  antiqua.  (M*Coy.) 
Plate  ni.,  Fig  3. 

Specific  Characters. — Corallum  compound,  ei-ect,  and  the 
branches  are  developed  by  tripartite  budding.  The  corallites  are 
cylindrical  and  slender,  usually  about  half-a-line  in  diameter,  and 
slightly  dilated  at  their  distal  ends,  and  there  is  free  commanica- 
tion  throughout  the  colony  by  the  continuation  of  the  visceral 
chamber.  The  walls  are  moderately  stout  and  granular,  and  the 
concentiic  arrangement  of  the  sclerenchyma  is  faintly  indicated. 
The  calice  is  about  a  half  broader  than  the  diameter  of  the 
cylindrical  corallite.  The  epitheca  is  smooth,  and  there  are  faint 
indications  of  annulations  of  growth.  Plate  III.,  Fig.  3,  is  a 
transvese  section  of  a  slab  from  the  main  limestone  of  Braid- 
wood.* 

Formiation — Lower  carboniferous. 

Localities, — Found  in  the  main  limestone  at  Braid  wood, 
Lanarkshire ;  in  Auchenskeoch  Quarry,  Dairy,  Ayrshire ;  at 
Blackridge,  Dumfriesshire,  where  it  is  abundant,  and  associated 
with  Syringopora  and  other  coralline  remains;  and  at  Arbigland, 
Kirkcudbrightshire,  where  it  is  abundant  and  associated  with 
several  varieties  of  Syringopora,  Diphyphyllum  and  several  varieties 
of  Lit/iostrotioHf  and  these  go  to  form  one  of  the  circular  reefs 
that  surround  a  fossil  atoll,  and  exposed  on  the  shores  of  the 
Sol  way  Frith. 

Cladochonus  Miclielini.     (Edwards  and  Haime). 

Plate  m.,  Fig.  19. 

Specific  Cliaracters, — Corallum  compound,  erect,  and  the 
branches  are  developed  by  lateral  budding,  and  present  a  more  or 
less  irregular  reticulate  colony.  The  comllites  are  cylindrical  and 
slender.  The  walls  are  moderately  stout,  and  the  visceral  chamber 
is,  in  some  forms,  more  or  less  interrupted  by  slightly  angular 
tabulae  at  the  base,  which  become  more  angular,  and  forms  a 
system  of  elongated  convex  cells,  convexity  inwards  and  upwards, 
and  attached  by  their  upper  ends  to  the  inner  boundary  of  the 

*  This  specimen  I  received  many  years  ago  from  Mr.  John  Hunter,  of 
Braidwood,  and  have  great  pleasure  in  offering  him  my  cordial  thanks. 


Mr.  Thomson  on  Corals  of  Carboniferous  System  of  Scotlaiid,  327 


wall,  and  at  their  lower  ends  rests  upon  the  convex  face  of  the 
anteoeding  cell.  The  tabulate  forms,  in  all  the  specimens  examined 
by  me,  are  in  the  proportion  of  one  to  four  of  the  non-tabulate 
varieties,  and  thus  form  an  interesting  transitional  variety 
between  the  genus  CladochoniLS  and  Syringopora,  The  calice  is 
deep,  and  rarely  exceeds  the  diameter  of  the  cylindrical  tubes 
of  the  corallites.  The  epitheca  is  concealed  in  the  matrix,  and  is 
therefore  wanting. 

Formatum, — Lower  Carboniferous. 

Locality, — Found  at  How  wood,  near  Paisley,  Renfrewshii*e; 
and  at  Auchenskeoch,  neai-  Dairy,  Ayrshire. 

This  species  I  discovered  in  1858,  and  until  I  had  obtained  a 
more  complete  series  of  this  group  I  regarded  this  species  as 
belonging  to  the  genus  Syringopora,  And  now,  after  a  careful 
examination  of  the  group,  I  am  persuaded  that  this  species  is  a 
ti*ansitional  form,  and  thus  unites  the  genus  Gladochonm  to  the 
simple  forms  of  Syri7igopo7'a,  and  is  therefore  readily  distinguished 
from  all  the  other  varieties  of  the  genus. 

Cladoclionua  minutus,    (Thomson.)    Sp.  no  v. 
Plate  III.,  Fig.  2. 

Specific  Characters, — Corallum  compound,  minute,  cylindro- 
conical,  and  in  the  form  of  delicate  bifurcating  small  colonies. 
Gemmation  by  lateral  buds.  There  is  free  communication 
through  the  visceral  chamber  into  the  young  tubular  corallites. 
Fig.  2  represents  a  ground  section  of  a  small  slab,  exhibiting  a 
more  or  less  confused  mass,  arising  from  the  fact  that  they  are 
imbedded  in  a  somewhat  soft  friable  shale;  and  it  is  rare  that  we 
find  specimens  showing  the  continuous  bifurcated  aspect.  The 
calice  is  deep  and  broad  at  the  distal  end.  The  epitheca  is  smooth, 
and  there  arc  faint  annulations  of  gi'owth.  The  wall  is  thin  at 
the  apex,  and  becomes  slightly  stouter  near  the  base,  and  consists 
of  two  layers  of  granular  sclerenchyma,  with  less  dens6  minute 
granular  tissue  between  the  epitheca  and  the  endothecal  layers. 

Formatum, — Lower  carboniferous.  * 

Locality. — Found  at  Auchenskeoch,  near  Dairy,  Ayrshire ;  and 
at  Blackridge,  Dumfriesshire. 

This  delicate  species  is  readily  distinguished  from  all  the  other 
species  of  the  genus  by  its  tripartite  aspect  and  by  its  minute  and 
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delicate  form.  In  the  tripart  arrangement  of  the  corallites  it 
resembles  Clad,  aniiqua  ;  but  differs  from  that  species  in  its  more 
gi*aceful  minute  form :  and  the  corallites  are  never  so  large,  and 
the  walls  are  much  more  delicate. 

At  page  32  I  stated  that  one  of  the  species  of  Cladochonus 
possessed  characters  which  clearly  indicated  a  transitional  tendency, 
and  intimate  relation  with  the  genus  Syringopora.  We  will, 
therefore,  examine  in  a  cursory  manner  that  relationship,  and,  if 
possible,  trace  the  transitional  conditions  in  order  to  know 
whether  development  is  varied,  and  wherein  variation  is  indicated, 
and  how  far  the  evidence  supports  the  inference  that  variation  is 
universally  distributed  throughout  the  group. 

FAMILY  SYKINGOPORID^. 

Uenus  8VRING0P0RA.  (Goldfuss.) 

Generic  Cfuiracters, — Corallum  compound,  cylindrical,  and  in 
more  or  less  dense  communities ;  and  each  is  united  by  horizontal 
tubes  through  which  there  is  free  communication  throughout  the 
colony.  Reproduction  is  by  gemmation,  and  diverging  in  all 
directions  from  the  primary  corallite,  and  frequently  met  with 
in  large  dome-shaped  masses.  In  the  young  corallites  there  are 
horizontal  tabulee,  which  merge  into  convex  cellular  tissue, 
arranged  along  the  inner  margin  of  the  wall,  and  there  is  an 
irregular  tube  in  the  centre.  Hei^  and  there,  however,  there  are 
horizontal  tabulae,  and  more  especially  at  the  union  of  the  con- 
necting tubes.  The  epitheca  is  stout,  and  there  are  faint  annula- 
tions  of  growth.  The  septa  are  developed  in  the  space  between 
the  epitheca  and  the  endotheca. 

Syriiujopora  laxa.  (Phillips.) 

Plate  HI.,  Fig.  -J:^. 

Specific  Characters. — Corallum  compound,  and  widely  separated. 
The  dj)itheca  is  stout,  and  there  ai*e  faint  annulations  of  growth. 
Reproduction  is  by  gemmation,  and  diverge  in  all  directions,  giving 
rise  to  large  masses,  and  each  are  connected  by  horizontal  tubes, 
which  are  distant;  and  there  is  free  communication  throughout 
tliu  colony  by  means  of  these  tubes.    At  the  base  of  the  young 
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corallites  there  are  rectangular  tabulae,  which  merge  and  become 
elongated  convex  cells,  giving  rise  to  a  system  of  irregular  convex 
cellular  tissue  around  the  peripheiy.  The  central  area  is  tubular, 
and  usually  intersected  by  horizontal  tabulae  at  the  union  of  the 
rectangular  cylindrical  tubes.  The  septa  are  hardly  recognisable 
in  the  dense  granular  tissue  that  occupies  the  space  between  the 
epitheca  and  endotheca. 

Diameter  of  the  corallites,  about  a  thii-d  of  a  line. 

Formation. — Lower  carboniferous. 

Locality, — Found  at  Blackridge  Quarry,  Dumfriesshira* 

This  is  the  most  delicate,  tall,  slender  form  that  I  have  met  with 
in  the  carboniferous  rocks  of  Scotland,  and  has  only  been  found 
in  this  locality. 

Syringojyora  gigantea,    (Thomson. )    Sp.  nov. 
Plate  III.,  Fig.  24. 

Specific  Characters, — Corallum  compound,  and  composed  of  long 
cylindrical  and  distant  corallites,  and  united  by  distant  horizontal 
tubes,  through  which  there  is  free  communication  throughout  the 
colony.  The  epitheca  is  moderately  stout,  and  there  are  faint 
annulations  of  growth.  Thei'e  is  a  system  of  elongated  convex 
cellular  tissue  around  the  periphery,  and  there  is  a  central  tube 
extending  throughout  each  of  the  corallites.  There  are  twenty 
minute  septa,  which  are  hardly  recognisable. 

Diameter  of  corallites,  2  lines. 

Formation, — Lower  carboniferous. 

Locality, — Found  at  Langside,  Beith,  Ayrshire. 

This  species  is  readily  recognised  by  its  greater  dimensions,  and 
the  septa  are  not  so  numerous  as  in  Syr,  distans,  its  nearest  ally. 

This  species  was  discovered  by  Mr.  Robert  Craig,  Langside, 
Beith,  to  whom  I  offer  my  cordial  thanks  for  allowing  me  to  add 
it  to  the  list  of  carboniferous  corals. 


*  The  limestone  in  this  locality  is  put  down  in  the  Geological  Surveys 
Memoir  as  belonging  to  the  calciferous  sandstone.  There,  however,  must 
be  an  error  in  placing  it  in  that  horizon,  as  the  fauna  found  in  that  section 
is  similar  to  what  is  usually  found  in  the  upper  members  of  the  lower  car- 
boniferous limestone.  Indeed,  there  are  corals  found  in  that  locality  that 
have  never  been  found  even  in  the  lowest  beds;  and  I  am  therefore  persuaded 
that  that  section  has  got  confounded  with  the  calciferous  sandstone  found 
in  the  neighbourhood. 
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Syringopora  genicidata,  (D^Orbigny.) 
Plate  III.,  Fig.  25. 

Specific  Characters, — Corallum  compound,  and  composed  of 
closely-aggregated  cylindrical  corallites,  and  connected  by  horizontal 
tubes,  which  are  about  a  line  apart;  and  there  is  free  communi- 
cation through  the  visceral  chamber,  and  extends  to  the  neigh- 
bouring corallites  through  the  rectangular  tubes.  The  epitheca  is 
stout,  and  marked  with  encircling  lines  of  growth,  and  genicnlated 
at  the  origin  of  the  tubes.  The  septa  are  numerous,  and  hardly 
recognisable  in  the  dense  sclerenchyma.  There  are  twenty-four 
septa  in  each. 

Diameter  of  corallites,  1  line. 

Formation. — Lower  carboniferous. 

Locality, — Found  at  Arbigland,  Kirkcudbrightshire. 

This  variety  is  found  associated  with  Cladochanus  and  several 
varieties  of  Lit/tostrotioji,  and  forms  one  of  the  fringing  reefs  that 
surround  the  atoll  of  that  district. 

Syringopora  catenata.  (M*Coy.) 
Plate  III.,  Fig.  28  and  28a. 

Specific  Characters, — Corallum  composed  of  closely-aggregated, 
delicate,  flexuous  cylindrical  comllites.  Gemmation  is  lateral, 
giving  rise  to  dense  colonies,  and  united  by  numerous  connecting 
hollow  tubes;  and  there  is  free  communication  throughout  the 
mass  by  means  of  the  connecting  tubes.  There  is  a  system  of 
minute  convex  cells  around  the  periphery,  and  there  is  a  central 
free  space.  The  epitheca  is  stout,  and  marked  with  annulations 
of  growth.  The  septa  are  haixlly  recognisable  in  the  dense 
sclerenchyma. 

Diameter  of  corallites,  half-a-linc. 

Formation, — Lower  Carboniferous. 

Locality, — Found  at  Blackridge,  Dumfriesshire. 

Syringopora  distans, 

Plate  IV.,  Figs.  8  and  8a. 

Specific  C^Mracters, — Corallum  compound,  and  composed  of 
cylindrical  corallites,  and  connected  by  distant  hollow  tubes. 
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Gemmation  is  lateral,  and  there  is  free  communication  throughout 
the  visceral  chamber,  and  extended  through  the  connecting  tubes 
throughout  the  colony.  The  epitheca  is  thin,  and  marked  with 
encircling  lines  of  growth,  and  geniculated  at  the  origin  of  the 
connecting  tubes.  The  septa  are  numerous,  and  hardly  recognis- 
able in  the  dense  sclerenchyma. 

Diameter  of  corallites,  1  line. 

Formation. — Lower  carboniferous. 

Locality, — Found  at  Boghead,  Lesmahagow,  Lanarkshire. 

I  might  have  included  descriptions  of  other  two  species  that  ai-e 
in  my  cabinet — Syr,  ramulosa,  and  Sy7\  reticuJata,  These, 
however,  are  poorly  preserved,  and  I  deem  it  expedient  not  to  in- 
clude them  till  I  procure  others  in  better  pi-eservation.  I  may 
state,  however,  that  Syr,  ramiUosa  is  composed  of  closely- 
aggi*egated  cylindrical  tubes,  that  gemmation  is  lateral,  and  that 
the  walls  are  never  so  stout,  and  the  septa  are  not  so  numerous 
as  in  Syr,  geniculata,  its  nearest  ally;  and  that  Syr,  reticulata 
is  found  in  large  masses,  and  the  reticulation  is  very  pronounced ; 
the  walls  are  stout,  and  tabulae  approximate  more  closely  to  the 
Cladochonus  Miclvelini  (E.  and  H.),  and  may  thus  be  said  to  be 
the  species  that  approaches  more  closely  in  its  structural  details 
to  the  genus  Cladochomia  than  do  any  of  the  other  species  of  that 
genus. 

With  regard  to  the  relationships  and  zoological  position  of 
Syringoporidce,  a  careful  comparison  of  the  structural  details  leaves 
no  doubt  that  it  is  singularly  characteristic  and  distinctly  pro- 
nounced in  its  structural  details,  and  may  be  regarded  as  uniting 
the  genus  Axdopora  on  the  one  hand,  by  the  possession  of  rectangular 
tabulae  at  the  base  of  the  young  corallites  j  and  have  a  more  or  less 
close  relation  to  the  genus  MicJieliniy  of  Koninck;  and  the  vesicular 
tissue  in  the  peripheral  zone  may  be  regarded  as  foreshadowing  the 
bi-oad  zone  of  vesicular  tissue,  which  is  considerably  more  de- 
veloped in  the  genus  Thysanophyllum  of  Nich.  and  Thorn. 
Though  there  is  thus  a  more  or  less  near  relation  between  those 
diverse  groups,  in  each,  however,  there  are  central  types  clearly 
pronounced  in  the  generic  characters;  and  amongst  the  different 
species  there  are  divergent  forms  which  merge  and  unite  into 
other  groups,  which,  when  more  fully  developed,  assert  their 
generic  characters  in  a  more  or  less  pronounced  manner.  I  am, 
however,  convinced  that  with  more  careful  investigations,  other 
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forms  will  yet  be  discovered  that  will  more  closely  unite  the  genus 
MicheUni  to  that  of  the  genus  Syringopora.    While  there  is 
thus  indicated  transitional  relationships  in  the  groups  referred  to, 
yet  there  are  structural  differences  to  be  noted,  which  leave  no  doubt 
as  to  their  true  zoological  position,  which  will  be  briefly  referred 
to : — ^The  genus  CladocJionm  agrees  \vith  Syringopora  by  the  fact 
that  each  are  reproduced  by  gemmae,  and  are  in  upright  com- 
munities.   There  is  free  communication  throughout  the  visceral 
chamber  of  the  colonies,  and  in  the  young  of  Syringopora  there  are 
rectangular  tabulae  similar  to  the  tabulae  that  are  present  in 
Aulopora,    Syringopora  differs  in  the  more  advanced  stages  of  de- 
velopment ;  these  are  always  united  by  rectangular  connecting 
hollow  tubes,  and  by  the  presence  of  the  zone  of  vesicular  tissue 
that  is  more  or  less  developed  around  the   peripheral  zone, 
Syringopora  is  remotely  related  to  the  genus  MicheUni  by  being 
developed  by  gemmae,  and  by  the  fact  that  each  are  in  upright 
communities ;  and  in  MicheUni,  the  vesicular  zone  of  Syringopora 
is  foreshadowed  in  the  much  less  developed  vesicular  tissue  in  the 
peripheral  zone  of  Miclielini,     The  latter  genus,  however,  is 
separated  by  the  presence  of  minute  mural  pores,  and  the  more  or 
less  rectangular  tabulae  largely  predominates;  and  from  Thysaiuh 
phyUum  is  separated  by  the  development  of  short  lamellar  septa, 
which  are  intercepted  by  the  dense  vesicular  tissue   that  is 
developed  between  the  septa  tmd  the  peripheiy,  and  there  are 
always  rectangular  tabulae  in  the  central  area,  and  the  corallites 
are  all  more  or  less  fused  by  their  walls,  and  consequently 
polygonal  in  form;  while  in  Syringopora  the  septa  are  minute, 
and  extend  from  the  periphery  to  the  zone  of  vesicular  tissue,  and 
there  is  more  or  less  free  communication  by  the  prolongation  of  the 
visceral  chamber,  and  transmitted  throughout  the  colony  by  the 
cylindrical  tubes,  and  the  tabulae  are  very  iiTegular.    Upon  the 
whole,  while  the  relationship  of  these  groups  are  more  or  less 
connected,  yet  their  structural  details  clearly  indicate  generic 
distinction,  which,  with  further  development,  are  seen  to  merge, 
and  to  unite  their  generic  relation  by  transitions  of  an  extremely 
important  character ;  and  thus  clearly  indicates  the  fundamental 
principle  that  variation  is  their  natuml  and  constant  character, 
and  clearly  demonstrated  throughout  the  relationship  of  these 
groups. 
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Genus  PvR(iiA.    (Eklwards  and  Haime.) 

Generic  Characters. — Corallum  simple,  small  cornute.  The 
epitheca  is  moderately  stout,  and  there  are  faint  annulations  of 
growth.  The  calice  is  deep  and  circular.  The  septa  (pseudo- 
septa)  are  represented  by  faint  lines  or  striae.  They  do  not 
coalesce  in  the  centre  of  the  calicular  fossa. 

This  is  the  only  species  that  I  have  yet  discovered — f  e.,  Pyrgia 
Labechia  (E.  and  H.).    Plate  III. 

The  corallum  is  2  lines  long ;  diameter  of  calice,  1  line. 

Formation. — Lower  carboniferous. 

Locality. — Found  at  Cunningham  Baidland,  Dairy,  Ayrshire. 

This  delicate  little  specimen  is  readily  distinguished  from  any 
of  the  preceding  genera  by  its  simple  form  and  the  presence  of 
pseudo-septa  along  the  iimer  boundary  of  the  wall. 

Frequently  only  single  or  independent  examples  pf  Aulopora 
and  Cladochoima  are  found,  but  these  corals  must,  nevertheless, 
be  considered  as  compound  forms.  Sometimes  single  specimens 
are  found,  showing  buds  or  gemmie  burating  from  the  lateral 
margin  of  the  parent  coral  (PI.  III.,  Fig.  8a).  Still,  I  have  never 
met  the  single  form  of  either  of  the  genera  presenting  a  similar 
external  aspect ;  and  in  no  instance  is  there  exhibited  the  pseudo- 
septa  along  the  inner  face  of  the  wall  so  distinctly  marked  as  we 
find  in  the  genus  Pyrgia,  and  the  latter  has  always  the  usual 
appearance  of  a  simple  coral.  Indeed,  from  the  structural  details 
of  the  genus,  it  may  be  said  to  be  an  intermediate  group,  which 
unites  the  genus  Cladochonua  on  the  one  hand,  and,  on  the  other, 
it  merges  so  near  to  the  genus  Protocyatlwphyllum*  that  I  am 


*  The  genus  Protocyathus  was  established  by  myself,  and  published  in 
the  Proceedings  of  the  Philosophical  Society  of  Glasgow  in  1880,  for  the 
reception  of  a  group  of  corals  in  which  the  septal  system  is  first  seen  to 
extend  into  the  centre  of  the  visceral  chamber.  As,  however,  the  genus 
Pyrgia  (E.  and  H. )  was  formerly  established  by  these  eminent  authors  to 
include  a  simple  coral,  in  which  the  septa  are  represented  by  minute  strite — 
foreshadowing  the  septal  system  of  more  highly-developed  forms,  for  which 
the  latter  generic  name  might  have  been  appropriately  assigned — therefore, 
in  order  that  the  generic  distinction  may  be  clearly  defined,  and  to  prevent 
any  confusion  arising  from  their  generic  relationship,  I  propose  to  make  an 
alteration  in  the  name  of  the  latter,  and  will  in  future  designate  the  group 
by  the  generic  name  of  ProtocyathophyUum^  which,  I  believe,  more  fully 
expresses  the  generic  characters  of  the  group. 
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inclined  to  regard  the  transitional  characters  as  having  been 
induced  by  iimate  tendency  to  variation  in  the  polyp.  The  genus 
Pyrgia  differs  from  Cladochonus  in  being  always  simple  and  free, 
and  the  walls  arc  never  so  stout ;  while,  in  CladoclumuSy  the 
corallum  is  always  developed  by  gemmae,  and  is  always  in  com- 
pound communities,  and  therefore  Pyrgia  cannot  be  further  asso- 
ciated or  confounded  with  the  genus  Cladochonus,  While  the 
genus  Pyrgia  agrees  with  Protocyathophylhcm  in  being  simple  and 
free,  and  the  pseudo-septa  is  the  prototype  of  the  more  highly- 
developed  septal  system  of  the  latter,  it,  however,  differs  from  the 
latter  in  the  fact  that,  Protocyathophyllicm,  the  septal  system  is 
well  indicated,  and  extends,  in  the  more  highly-developed  forms, 
into  the  centre  of  the  calicular  fossa.  In,  however,  some  species 
of  the  latter  the  septa  are  rudimentary,  and  rest  upon  the  superior 
face  of  the  tabula,  and  therefore  must  be  regarded  as  an  inter- 
mediate and  distinct  genus. 

As  regards  the  genus  Cladoclionus  (M*Coy),  I  have  found  great 
difficulty  in  defining  the  line  of  demarcation  between  it  and  the 
genus  Aulopora  (Goldfuss).  The  transitional  conditions  pass  into 
each  other  by  gradations  so  minute  that  to  separate  the  lai'ger 
varieties  of  Aulopora  from  the  smaller  species  of  Cladochonua  can 
only  be  accounted  for  either  from  the  innate  tendency  to  variation 
in  the  animals  that  secreted  these  remains,  or  variation  induced 
from  the  altered  conditions  of  the  surroundings.  In  the  general 
arrangement  of  the  granular  sclerenchyma,  and  the  continuity  of 
the  visceral  chamber  in  the  parent  tube,  and  its  extension  throughout 
the  colony  in  Aulopora,  it  presents  a  close  resemblance  to  those 
forms  which  are  regaixied  as  properly  belonging  to  the  genus 
Cladochonus.  But  these  are,  nevertheless,  separated  by  charactei*s 
sufficiently  distinct  to  warrant  them  being  retained  as  separate 
and  distinct  genera. 

In  the  species  Aulopora  gracilis  (Thom),  Plate  III.  Fig.  1,  the 
corallum  is  in  the  form  of  a  creeping  branched  system  of  cylindrical 
tubes,  attached  by  the  whole  of  their  lower  surface  to  the  theca  of 
a  cup  coral,  and  it  is  only  at  the  superior  extremity  of  each 
corallite  that  the  calice  is  slightly  raised  above  the  prostrate  colony ; 
while  in  Aulopora  gigantea  (M*Coy),  Plate  III.,  Fig.  9,  the  groups 
are  in  the  form  of  reticulate,  wide-apart,  creeping  communities,  in 
which  the  terminal  portion  of  each  corallite  is  situated  at  the  union  of 
the  successive  corallites,  and  are  a  little  more  raised  above  the  tubu- 
lar corallite  than  in  the  preceding  species.   The  walls  of  the  latter 
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are  stouter  than  is  found  in  the  former.  In,  however,  Aulopora 
companuUUa  (M'Coy),  Plate  III.,  Fig.  2,  the  reticulations  are 
never  so  far  apart,  and  usually  at  the  angles  of  union  there  ai-e 
sometimes  two  and  three  corallites,  and  in  tliis  species  the  calices  are 
raised  much  higher  than  in  either  of  the  preceding  species.  In  this 
species,  near  the  base  of  some  of  the  corallites,  there  is  developed 
minute  angular  tabula?,  which  indicate  a  transition  from  Aulopora 
into  the  tabulata.  In  all,  the  gmnular  sclei*enchjma  is  more  or  less 
developed,  and  the  radiate  tissue  is  faintly  observed;  while  in  AuL 
campantUata  there  is  a  considerable  increase  in  the  density  of  the 
sclerenchyma,  and  the  septariae  is  greatly  more  pronounced. 

In  the  genus  Cladocliontcs,  although  the  development  is  from 
lateral  buds,  and  produces  erect  compound  branching  reticulate 
colonies,  there  is,  however,  considerable  difficulty  in  defining  the 
stnictural  difference  between  the  minute  forms  of  Clad,  minuius 
(Thomson),  Plate  III.,  Fig.  2,  and  the  less  frondescent  forms  of 
Aul.  ffracilisy  Plate  III.,  Fig.  1.  In  Clad,  antiqua^  Plate  III., 
Fig.  3,  there  is  a  considerable  increase  not  only  in  the  size  but 
also  in  the  density  of  the  sclerenchyma.  In  Clad.  hacillarkiSy  Plate 
III.,  Fig.  6,  the  corallites  are  considembly  large,  the  calicular 
cavities  are  further  apart,  the  sclerenchyma  is  much  denser,  and 
the  septaria  is  observable ;  and  the  indications  of  a  system  of 
semi-concentric  cells  around  the  inner  margin  of  the  wall  indicates 
a  considerable  inci*ease  in  the  structural  development. 

In  Clad,  crassiis  (M'Coy),  Plate  III.,  Figs.  7,  8,  and  8a,  the 
corallites  are  considerably  larger,  and  the  pseudo- septa  are  more 
pronounced,  which  led  Dr.  Nicholson  to  establish  the  genus 
(Monilopora)  for  its  reception ;  and  I  believe,  if  he  had  had  the 
entire  series  to  examine,  he  would  not  have  founded  a  new  genus 
upon  structure  which  characterises  the  whole  group.  In  Clad, 
gigantea  (Thomson),  Plate  III.,  Fig.  5,  the  corallum  is  greatly 
increased  in  size,  the  walls  are  stout,  and  pseudo-septa  are  observ- 
able, and  near  the  base  of  some  of  the  corallites  there  are  one, 
and,  in  some  forms,  two  curs*ed  tabulie,  which,  in  a  transverse 
section,  presents  the  form  of  a  semicircular  plate. 

In  Clad.  Michelinij  Plate  III.,  Fig.  21,  the  coi-allites  are  smaller, 
the  walls  are  greatly  stouter,  and  the  pseudo-septa  are  more  or 
less  distinct,  and  there  is  convex  cellular  tissue  developed  along 
the  inner  margin  of  the  wall,  and  there  is  an  irregular  tubular  area 
in  the  centre  of  the  visceral  chamber. 

The  vesicular  tissue  is  found  in  the  proportion  of  one  to  four 
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of  the  non-vesicular  forms  characterised  in  the  vesicular  varieties, 
which  indicate  transitional  conditions  which  could  only  be  induced 
from  an  innate  tendency  in  the  animal  to  variation,  and  which 
merge  to  and  unite  the  vesicular  varieties  to  the  simpler  form  of 
Syringopora,  It  will  thus  be  seen  that  the  above  characters  are 
sufficiently  distinct  to  warrant  the  groups  being  retained  as  distinct 
and  separate  genera,  and  have  also  clearly  indicated  a  series  of 
minute  transitions,  which  leads  from  the  one  group  into  the  other ; 
and,  I  believe,  with  further  research,  other  intei*mediate  forms  will 
be  discovered  which  will  not  only  well  repay  for  the  attention 
necessary,  but  will  also  aid  in  elucidating  that  development  has 
been  brought  about  by  slow  and  innate  tendency  to  variation  in 
the  living  tissue  of  the  animal's  body  that  secreted  these  organic 
remains. 

The  next  group  which  falls  to  be  noticed  in  an  ascending  series 
includes  that  interesting  genus,  ProtocyatltophyUum,  which  has 
been  referred  to  as  being  closely  allied  to  the  genus  Pyrgia  (E. 
and  H.). 

Genus  Protocyatiiopiiyllum.  (Thomson,) 

Generic  Characters, — Corallum  simple,  small,  conical,  and  slightly 
curved.  The  epitheca  is  of  variable  stoutness,  and  there  are 
delicate  encircling  lines  and  shallow  annulations  of  growth.  The 
calice  is  circular  and  deep,  and  in  some  forms  extends  to  the  base 
of  the  corallum,  whilst  in  others  it  is  circumscribed  by  a  more  or 
less  irregular  tabulse.  The  septa  are  of  two  orders.  In  those 
forms  in  which  the  calice  is  deep,  the  primary  septa  are  well 
developed.  The  younger  coalesce  with  the  older  near  the  base  of 
the  corallum,  the  primary  extends  inwards,  bend  upwards,  coalesce, 
and  form  a  loose  cellular  reticulate  structure  in  the  centre  of  the 
calicular  fossa.  The  secondary  septa  are  small  and  hardly  recog- 
nisable, and  each  is  incompletely  united  by  sparse  interseptal 
dissepiments;  whilst  in  those  forms  in  which  the  depth  of  the 
calice  is  circumscribed,  the  septa  are  rudimentary  and  slightly 
raised  at  their  inner  ends,  and  form  a  more  or  less  convex  irregular 
tabulse,  crowned  with  rudimentary  ridges,  which  converge  to  the 
centre  of  the  visceral  chamber.  The  latter  would  seem  to  have 
been  formed  by  the  unfolding  of  the  wall  of  the  polyp.  The 
fossula  is  small  and  of  variable  depth. 

These  small  and  delicate  simple  corals  present  characters  alike 
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interesting  to  the  biologist  and  palaeontologist  In  one  of  the 
forms  (Plate  III.,  Fig.  14)  we  have  only  four  rudimentary  septa 
developed,  forming  the  prototype  of  the  septal  system  of  the 
rugosa  corals,  and  which  suggested  to  me  the  generic  name.  In 
other  forms  there  is  a  greater  number  of  septa  developed.  In 
all  cases  they  are  multiples  of  four,  and  bilamellar,  and  with  their 
increase  in  size  and  number  there  is  a  proi>ortionate  increase  in 
the  development  of  the  interaeptal  dissepiments,  whilst  in  the 
simpler  forms  the  interseptal  dissepiments  are  represented  by 
rudimentary  ridges.  As  regards  the  classiiicatory  value  of  the 
gi*oup,  I  did  regard  the  first-discovered  specimens  as  belonging  to 
the  genus  Pyrgia  (E.  and  H.).  Subsequently  I  discovered  a 
greater  number  of  forms  which  presented  characters  sufficiently 
distinct  to  warrant  me  in  classifying  them  as  a  separate  group, 
whose  relations  are  Pyrgia  on  the  one  hand,  and  Ampleocus  on  the 
other.  They  also  present  characters  which  have  a  close  affinity  to 
the  genus  Demyphyllum  Dibowsky,  and  some  of  the  forms  have  a 
close  ally  in  the  genus  Zaphrentis  (Sowerby). 

As  regards  the  relationships  of  this  gi'oup,  they  may  be  distin- 
guished by  characters  of  a  fundamental  nature,  and  in  order  that 
their  relationship  be  clearly  defined,  I  ^vill  briefly  note  the  structural 
characters  of  the  species  selected  from  the  group,  which  may  be 
summarised  according  to  the  relative  value  of  the  septal  system 
in  an  ascending  series. 

Frotocyathophyllujn  quadrophyllnm.  (Thomson.) 
Plate  III.,  Fig.  14. 

Specific  CJiaracters. — Corallum  simple,  small,  cylindro  conical, 
and  curved.  The  epitheca  is  thin  and  smooth,  with  irregular 
annulations  of  growth,  and  there  are  several  tubercular  projections. 
The  calice  is  deep;  the  septa  are  rudimentary  and  converge  to 
the  centre,  and  are  seen  on  the  crown  of  the  tabula  in  the  form 
of  slightly-raised  ridges.  There  are  four  piimary  septa,  and  the 
interseptal  spaces  are  minutely  mammillated,  indicating  the  develop- 
ment of  an  extended  septal  system. 

Formation. — Lower  carboniferous. 

Locality.— Found  at  Cunningham  Baidland,  Dairy,  Ayrshire. 

This  interesting  little  species  was  in  my  possession  for  a  consider- 
able time  before  I  could  decide  into  what  gi'oup  it  ought  to  be 
placed. 

Vol.  XIV.  i 
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At  first  I  did  regard  it  as  belonging  to  the  genus  Lithostrotion, 
Having  since  examined,  with  considerable  care,  fragments  of  the 
lower  extremities  of  the  different  varieties  of  that  genus,  I  have 
found  that  in  all  cases  the  septal  system  of  this  group  is  developed 
immediately  after  the  secretion  of  the  epitheca  at  the  base  of  each 
corallite — thus  indicating  that  this  interesting  specimen  is  not  only 
the  type  of  the  genus,  but  in  it  there  is  the  first  indication  of  the 
tetramural  arrangement  of  the  septa,  and  placing  beyond  all  doubt 
the  fact  that  the  septal  system  of  the  rugose  corals  are  multiples 
of  four  and  that  the  septa  resting  upon  the  rudimentary  tabula  are 
characters  that  unite  this  group  with  the  genus  Ampleacus. 

ProtocyathophyUum  plicatum.  (Thomson.) 
Plate  III.  Figs.  15  and  15a. 

Specific  Characters, — Corallum  simple,  more  or  less  conical, 
and  slightly  curved.  The  epitheca  is  thin,  smooth,  and  there  are 
longitudinal  ridges  and  plications.  The  calice  is  deep,  and  extends 
to  the  base  of  the  corallum.  The  septa  are  rudimentary,  and  a 
portion  of  them  pass  to  the  inferior  extremity  of  the  corallum. 
There  are  eight  primary,  alternating  with  an  equal  number  of 
secondary  septa,  and  the  interseptal  dissepiments  are  indicated  by 
faint  and  hardly  recognisable  transverse  ridges  and  depressions, 
and  the  fossula  is  large.  Two  rudimentary  septa  of  shorter  length 
than  the  others  extend  in  to  it. 

Height  of  corallum,  8  lines ;  diameter  of  calice,  4  lines. 

Locality. — Found  at  Cunningham  Baidland,  Dairy,  Ayrshire. 

Formation. — Lower  carboniferous. 

In  this  interesting  and  unique  species  there  is  not  only  a  further 
increase  of  the  tetramural  arrangement  of  the  septa,  but  there  are 
introduced  rudimentary  interseptal  dissepiments,  indicating  not 
only  more  complex  structural  details,  but  also  illustrating  the 
innate  tendency  to  variation  in  the  tissue  of  the  living  animal,  and 
it  has  a  close  relation  to  the  genus  Pyrgia. 

ProtocyathophyUum  spinulosum.  (Thomson.) 

Plate  III.,  Fig.  12. 

Specific  Characters. — Corallum  simple,  cylindro-conical,  and 
curved.    The  epitheca  is  thin  and  continuous  on  the  one  side  of 
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the  corallum,  while  on  the  other  it  is  interrupted  in  the  middle, 
and  assumes  a  semicircular  double  cup,  which  may  have  been 
produced  by  the  altered  conditions  of  the  surroundings,  and  rup- 
turing a  portion  of  the  polyp's  body  from  the  sclerodermic  matter, 
thus  involving  the  fission  of  a  portion  of  the  parent  calice  on  the 
one  side,  while  the  original  coral  continued  to  grow  uninterruptedly 
on  the  other.  There  are  encircling  lines  and  shallow  annulations 
of  growth,  and  on  the  ventral  side  of  the  corallum  there  are 
numerous  spinous-projections.  The  calice  is  deej),  extending  to  near 
the  base  of  the  corallum.  The  septa  are  indicated  by  faint  lines 
at  their  superior  extremity.  A  portion  of  them  converge  to  the 
centre  at  the  base  of  the  calicular  cavity.  There  are  eight  primary, 
alternating  with  an  equal  number  of  secondary  septa,  and  each  is 
united  near  their  inner  ends  by  a  transverse  plate,  which  converges 
inwards  and  downwards  towards  the  base  of  the  calicular  cavity. 

Height  of  corallum,  6  lines ;  diameter  of  calice,  2  lines. 

Formation. — Lower  carboniferous. 

Locality, — Found  at  Cunningham  Baidland,  Dairy,  Ayrshire. 

This  remarkable  species  indicates  a  near  relation  to  the  genus 
DensiphyUum  Bibo,,  by  the  fact  that  the  septal  system  converges 
to  the  centre  of  the  calicular  cavity,  and  thus  not  only  foreshadows 
a  transition  from  this  simple  group,  in  which  the  calice  extends  to 
the  base  of  the  corallum,  but  also  foreshadows  the  septal  characters 
of  the  genus  Cyathophyllum,  by  the  septa  converging  into  the 
centre  of  the  calicular  cavity,  but  diffi'i-s  from  the  latter  in  the 
absence  of  tabulie. 

Protocyathophyllnm  elegant.  (Thomson.) 

Plate  III.,  Fig.  18. 

Specific  CJmracters, — Comllum  simple,  small,  comute,  and 
conical.  The  epitheca  is  thin,  smooth,  and  there  ai-e  shallow 
annulations  of  growth.  The  calice  is  deep,  and  extends  to  the 
base  of  the  corallum.  The  septa  are  well  developed,  and  a  por- 
tion of  them  extends  to  the  ba.se  of  the  calicular  cavity,  whilst 
others  stop  short  and  coalesce  with  older  septa.  There  are  twenty 
septa,  and  there  are  faint  indications  of  interseptal  dissepiments. 
The  floor  of  the  calicular  cavity  is  slightly  raised,  and  there  are 
delicate  ridges  produced  by  the  slightly-elevated  inner  ends  of 
the  older  septa. 
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The  fossula  is  small,  and  one  of  the  primary  septa,  of  shorter 
length  than  the  others,  extends  into  it. 

Height  of  corallum,  3  lines ;  diameter  of  calice,  2  lines. 
Formation, — Lower  carboniferous. 

Locality, — Found  at  Cunningham  Baidland,  Dairy,  Ayrshire. 

This  elegant  little  species  possesses  diameters  which  clearly 
indicate  a  divergence  in  both  dii^ections,  in  foreshadowing  the 
tabulata,  in  the  slightly-elevated  floor  of  the  calicular  cavity  on 
the  one  hand,  and  shows  a  tendency  to  merge  into  the  Cyatho- 
phylloidcB  by  the  presence  of  delicate  ridges  produced  by  the 
slightly-elevated  inner  ends  of  the  older  sej^ta  on  the  other. 

Protocyatliophylhim  Verrilliemc.  (Thomson.) 
Plate  III.,  Fig.  16. 

Specific  Characters. — Corallum  simple,  turbinate,  and  cui'ved. 
The  calice  is  broad  and  deep,  and  extends  to  the  base  of  tlie 
corallum.  The  epitheca  is  thin  and  smooth,  and  there  are  shallow 
annulations  of  growth.  The  septa  are  well  developed,  and  of  two 
orders.  There  are  thirty  primary,  alternating  with  an  equal 
number  of  secondary  septa.  The  latter  are  delicate,  and  extend 
inwards  for  a  third  of  the  length  of  the  piimary  septa.  A  portion 
of  the  primary  septa  unite  at  the  base  of  the  visceral  chamber,  and 
form  a  loose  reticulate  structure,  and  the  centime  of  the  central 
area  is  small.  The  interseptal  dissepiments  are  few  in  number 
and  well  developed.  The  fossula  is  large,  and  one  primary  septa, 
of  shorter  length  than  the  other,  extends  into  it. 

Height  of  corallum,  5  lines  ;  diameter  of  calice,  4  lines. 

Fomiation. — Lo wer  carboniferou s. 

Locality. — Found  at  Cunningham  Baidland,  Dairy,  Ayrshii*e. 
In  this  species  the  vesicular  tissue,  so  abundantly  developed  in 
other  genera  to  be  noticed,  is  indicated. 

Protocyafhophylltun  Dairy emf.  (Thomson.) 

Plate  III.,  Fig.  17. 

^Specific  Characters. — Corallum  simple,  small,  turbinate,  and 
curved.  The  epitheca  is  smooth,  and  there  are  shallow  annulations 
of  growth.    The  calice  is  deep,  and  extends  to  near  the  base  of 
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the  corallum,  and  its  floor  is  reticulate.  The  lip  is  everted.  The 
septa  are  well  developed,  and  about  half  their  length  down  from 
the  superior  extremity  they  abruptly  project  inwards,  and  thus 
circumscribe  the  calicular  fossa.  There  are  twenty  primary, 
alternating  with  an  equal  number  of  secondary  septa.  The  latter 
extends  inwards  for  a  third  of  the  length  of  the  primary  septa, 
and  each  is  united  by  interseptal  dissepiments.  A  portion  of  the 
primary  septa  curve  upwards,  and  coalesce  at  their  inferior 
extremity,  and  form  a  dense  reticulate  structure  in  the  centre  of 
the  floor  of  the  calicular  fossa.  The  fossula  is  small,  and  one  of 
the  primary  septa,  two-thirds  of  the  length  of  the  others,  extends 
into  it. 

Height  of  corallum,  3^  lines ;  diameter  of  calice,  2^  lines. 
Formation, — Lower  carboniferous. 

Locality, — Found  at  Cunningham  Baidland,  Dairy,  Ayrshire. 

In  this  interesting  species  there  is  foreshadowed  the  broad 
interseptal  area  by  the  presence  of  the  abrupt  projections  of  the 
septa  about  their  own  length  from  their  inner  ends,  which  not  only 
circumscribe  the  calicular  cavity,  but,  by  the  dense  reticulate  tissue 
in  the  centre  of  the  calicular  cavity,  not  only  foreshadows  the 
.broad  interseptal  chambers,  but  also  indicates  a  further  develop- 
ment of  the  structural  details  of  the  central  area — thus  indicating 
a  further  development  of  the  stnictural  details  of  the  comllum. 

ProtocyatliophyUum  CJiarlestoneme,    (Thomson.)    Sp.  no  v. 

Plate  III.,  Fig.  22. 

Specific  C/uiracters. — Corallum  tall,  simple,  cylindro-conical,  and 
curved.  The  epitheca  is  thin  and  smooth,  and  the  septa  are 
indicated  through  the  thin  epithecal  covering.  The  calice  is 
remarkably  deep,  and  extends  to  within  half-an-inch  from  the 
base.  The  septa  are  stout,  and  project  about  3  lines  inwards;  they 
then  descend  down  to  near  the  base  of  the  corallum.  A  portion 
of  them  coalesces  and  becomes  united  to  the  older  septa ;  the  latter 
converge  into  the  centre  of  the  calicular  cavity  and  more  or  less 
unite,  and  there  are  indications  of  some  of  the  septa  curving  and 
fornung  the  wall  of  the  fossula.  There  are  forty  septa,  which  are 
thin,  around  the  periphery;  they  then  become  stout,  and  at  their 
inner  ends  become  thin  and  pointed,  exhibiting  a  clavate  aspect, 
with  a  thin  point  at  their  outer  ends,  where  they  are  united  by 


342 


Philosophical  Society  of  Glasgow, 


sparse  interseptal  dissepiments.  The  septa  are  lamellar,  and 
there  are  faint  indications  of  the  interlamellar  ^phktes  (Ttubicula). 
The  fossula  is  large  and  extends  into  the  centre  of  the  calicular 
cavity. 

Height  of  corallum,  fully  6  inches ;  diameter  of  calice,  1^  inch. 
Formation, — Lower  carboniferous. 

Locality, — Found  in  Charleston  Quarry,  on  the  top  of  the  thick 
bed  of  limestone.  Indeed,  this  is  the  only  locality  where  I  found 
this  remarkable  coral,  and  when  first  discovered  I  did  regard  this 
corallum  as  belonging  to  the  genus  Zaphrmtis,  At  subsequent 
visits  I  did  procure  other  and  better  preserved  specimens,  which 
indicated  that  it  had  a  near  relation  to  the  latter  genus,  although 
on  the  whole  the  structure  clearly  indicated  a  more  intimate 
relation  to  the  genus  ProtocyathophyUum, 

In  consequence  of  the  remarkable  characters  of  this  genus,  I 
have  described  the  specific  characters  more  fully  than  I  otherwise 
deem  it  desirable.  In  the  group  we  have  the  septal  system 
developed  from  the  most  rudimentary  conditions  through  a  series 
of  stages  which  may  be  summarised  as  follows : — 

(1)  In  Prat,  quadrophyllum,  by  the  presence  of  the  four  rudi- 
mentary septa  i*esting  upon  the  superior  face  of  the  tabulie — * 
thus  clearly  showing  the  tetramural  development  of  the  septa,  and 
establishing  its  rugose  character,  and,  by  the  presence  of  the 
tabulae,  clearly  indicating  its  alliance  with  the  genus  Amplexus, 

(2)  In  Prat,  plicatus,  by  the  fact  that  the  eight  septa  are 
rudimentary  and  the  interseptal  dissepiments  are  faintly  indi- 
cated— thus  uniting  by  a  more  fully-develoi)ed  septal  system  the 
group  to  the  genus  Pyrgia  (E.  and  H.). 

(3)  In  Prot.  spinuiosus,  by  the  fact  that  the  septa  are  more 
fully-developed,  and  a  portion  of  them  converge  to  the  centre  of  the 
calicular  cavity ;  and  thus  indicate  a  transitional  variety  between 
the  group  and  the  genus  Deiisiphyllum  Dibos. 

(4)  In  Prot.  Vei^rilliense,  in  the  septal  system,  there  is  a  con- 
siderable inci-ease  in  their  number ;  and  a  portion  at  their  inner 
cuds  unite  and  form  a  more  or  less  reticulate  stiiicture. 

(5)  In  Prot.  Dairy ense  the  septal  system  are  not  only  more 
highly  developed,  but  a  portion  of  them  coalesce  at  their  inner 
ends,  and  form  a  dense  i*eticulate  structure,  and  thus  foreshadow 
the  reticulate  aspect  in  the  central  area  of  the  genus  Carcinophyllum 
(N.  and  T.). 
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(6)  In  ProL  Charlestonense  the  septa  are  greatly  more  de- 
veloped, and  the  extension  and  union  of  a  portion  of  them  at  their 
inner  ends — their  approaching,  uniting,  and  folding  i*ound  to  form 
the  wall  of  the  septal  fossnla — clearly  indicates  a  transitional 
variety  from  that  group  into  the  genus  Zaphrentis,  There  are 
other  modifications  which  I  might  have  noticed ;  but  believe  that 
what  has  been  noted  will  be  sufficient  to  establish  the  conviction 
that  modification  is  an  inherent  character,  and  that  there  is  a  con- 
stant and  persistent  tendency  to  diverge  and  to  unite  each  group 
in  different  directions. 

The  next  group  which  falls  to  be  considered  is  the  genus 
Alveolites;  and  I  hope  to  be  able  to  show  that  in  the  genus 
Aulopora  there  is  an  alliance  to  Alveolites  indicated  in  the  presence 
of  the  tabulai  in  one  of  the  species  of  that  genus. 


Genus  Alveolites.  (Lamarck.) 

Generic  Characters, — Corallum  compound,  composed  of  closely- 
aggregated  spherical  corallites,  when  free  from  lateral  pressure. 
When  affected  by  lateral  pressure  they  are  prismatic,  and  more  or 
less  arranged  in  superimposed  layers.  Calices  circular  when  free 
from  lateral  pressure;  they  are,  however,  usually  oval,  triangular, 
pentagonal,  hexagonal,  and  heptagonal  in  the  large  compound 
masses,  where  they  are  more  or  less  affected  by  latei-al  pi*essure. 
The  walls  are  perforated  by  iiTegular  mural  poi-es.  The  increase 
is  by  fissiparity.  In  some  instances  it  is  found  in  in*egular  flat  sheets, 
and  terminating  at  a  ymnt  in  the  under  surface.  It  seems  to  have 
been  attached  to  foreign  bodies,  and  covered  with  a  wiinkled 
epitheca;  whilst  other  forms  are  pyriform,  irregularly  hemispherical, 
and  mammillar-encrusting  masses.  I  have  a  specimen  eighteen 
inches  bi-oad,  as  a  mere  thin  encrusting  sheet,  with  a  continuous 
series  increasing  in  height  up  to  fifteen  inches,  and  ten  inches  in 
diameter. 

When  referring  to  the  structural  charactei-s  of  the  genus  Auh- 
pora,  page  27,  we  find  that  in  that  genus  there  was  a  series  of 
developmental  stages,  and  that  the  species  •  Aul  companukUa 
(M*Coy)  not  only  possessed  charactera  which  clearly  belonged  to 
the  genus  Aulopora,  but  in  some  of  the  corallites  there  are 
developed  minute  transverse  tabula,  which  indicates  that  in  that 
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species  there  are  transition  conditions,  which  merge  and  unites 
the  Tvhvlosa  with  the  Tabulata.  Although  the  Tabulata  is  thus 
foreshadowed  in  that  species,  I  am  persuaded  that  other  varieties 
will  yet  be  discovered,  that  will  not  only  more  closely  unite  those 
genera,  but  will  indicate  other  transitional  forms  that  will  merge 
into  other  allied  groups.  With  our  present  knowledge,  the  group 
that  falls  to  be  considered  in  consequence  of  their  tabulata  char- 
acter, and  in  which  the  septal  system  is  either  foreshadowed  or 
wanting,  and  thus  have  the  nearest  relation  to  that  species  is 
Auloporay  in  which  the  rectangular  tabulro  are  present.  Although 
this  species  has  a  close  relation  to  cei-tain  species  of  Cladochonus, 
yet,  from  the  fact  that  the  tabula  are  rectangular,  I  am  disposed 
to  regard  Alveolites  in  an  ascending  series  to  have  near  relations 
to  tlie  Tabulata  species  of  Auhpora. 

While  the  relationship  of  these  genera  are  so  closely  united  by 
the  presence  of  ti'ansverse  tabulae,  there  are  important  characters 
in  the  genus  Alveolites  that  is  never  found  in  the  genus  Avlopora, 
The  genus  Aulopara  is  parasitic,  (leveloi)ed  by  gemmae,  and  com- 
posed of  cylindrical  corallites,  and  in  compound  commimities,  and 
there  is  a  total  absence  of  mural  pores.  While  the  genus  Alveolites 
is  also  composed  of  cylindrical  coralites,  the  genus  is  however 
developed  by  fission,  and  mural  pores  are  always  present. 

These  points  may  be  briefly  summarised  as  follows  : — Aulopara 
may  be  readily  distinguished  (1)  by  the  fact  that  the  compound 
communities  are  always  in  pai-asitic  encrusting  sheets;  (2)  the 
development  is  always  by  geramje;  (3)  the  total  absence  of  mural 
pores. 

And  Alveolites  may  be  at  all  times  distinguished  by  (1)  the 
form  and  aspect  of  the  corallum  being  always  in  compound  com- 
munities, and  the  corallites  are  tabular  and  erect;  (2)  the  develop- 
ment is  by  fission,  and  (3)  mui-al  pores  are  always  present.  It 
will  thus  be  apparent  that  the  genus  Alveolites  has  near  relations 
to  Aulopora,  yet  it  possesses  characters  sufficiently  distinct  to 
wan-ant  it  being  regarded  as  a  separate  genus,  and  which  present 
the  following  sjH'cific  characters  :  — 

Alveolites  aeptosu.    (Edwards  and  Haime.) 

Plato  IV.,  Figs.     3a,  and  3u. 

Specific  C/uiracters. — Corallum  in  broad  encrusting  sheets,  in 
spherical  and  ]»yriform  masses,  and  more  or  less  mammillated,  and. 
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frequently  found  encrusting  the  ventral  valve  of  Frodticttts 
gigantms.  The  corallites  are  pentagonal  and  hexagonal,  and  are  a 
third  of  a  line  in  diameter,  and  from  five  to  eleven  lines  long. 
The  tabulse  are  well  developed,  and  there  are  from  four  to  six  in 
the  space  of  a  line.  In  some  forms  along  their  interior  there  are 
rows  of  minute  elongated  granules,  whilst  in  other  forms  they  are 
almost  destitute  of  the  granular  structure.  There  are  mural  pores, 
and  of  large  size,  which  alternate  between  the  granular  rows.  They 
are  developed  by  tissiparity,  and  the  teeth-like  projections  may  be 
seen  in  well-preserved  specimens  as  minute  points,  and  can  be 
traced  extending  across  the  calice  and  becoming  attached  to  the 
opposite  wall. 
Formation. — Carboniferous. 

Locality.  —  Found  at  Catscraigs,  Dunbar,  Haddingtonshire ; 
Petershill,  Bathgate ;  Wiston  and  Boghead,  Lesmahagow,  Lanark- 
shire ;  and  Garsewater  and  Asheyburn,  near  Muirkirk,  Ayrshire. 

In  this  genus  I  do  not  deem  it  necessary  to  describe  in  detail 
each  of  the  species  that  are  found  in  the  carboniferous  system.  For 
full  details  I  beg  to  refer  to  my  paper,  published  in  the  Proceedings 
of  the  Philosophical  Society  of  Glasgow,  1881.  In  order  that  we 
may  have  as  clear  a  conception  of  the  different  structural  characters 
as  our  present  knowledge  will  permit  of,  I  will  briefly  point  out 
wherein  each  of  the  species  differ,  and  wherein  there  is  indicated 
transitional  conditions,  and  what  forms  seem  to  be  their  nearest 
allies — and  in  rotation,  as  each  was  described  by  the  different 
authors.  In  the  four  species  that  have  been  discovered  in  the 
carboniferous  limestone  series,  all  are  more  or  less  similar  in  their 
mode  of  development,  in  their  external  aspect,  and  in  the  presence 
of  tabula.  They,  however,  present  in  all  the  species  structural 
details  which  indicate  specific  distinction,  but  which,  in  a  large 
series,  each  species  are  seen  to  merge  by  almost  imperceptible 
gradations  into  their  neai-est  allies,  and  to  diverge  in  different 
gradations. 

In  Alveolites  septosa  (E.  and  H.),  the  corallites  are  about  a 
third  of  a  line  in  diameter,  and  from  five  to  eleven  lines  long,  and 
there  are  from  four  to  six  tabulse  in  the  space  of  a  line.  One 
variety  of  this  species  is  rough  and  granular,  and  in  external 
aspect  resembles  Favositesy  but,  when  sectioned,  we  find  the 
fissiparous  mode  of  development  throughout  the  mass — a  character- 
istic which  is  always  present  in  Alveolites^  and  quite  distinct  from 
the  structure  of  Favosites;    but  which  indicate  a  transitional 
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condition  which,  with  further  development,  would  merge  into  the 
genus  Favosites, 

Alveolites  depressa.    (Edwards  and  Haima) 

In  this  species  there  are  from  ten  to  fourteen  corallites  in  the 
space  of  a  line,  and  from  three  to  five  lines  long,  and  the  tabulse 
are  a  seventh  of  a  line  apai*t.  This  delicate  species  is  found  in  flat 
encrusting  sheets  at  Charleston.*  I  have  one  sheet  eighteen 
inches  in  diameter.  It  is  also  found  in  dome-shaped  masses  of  con- 
siderable dimensions.  For  a  considerable  time  after  my  first 
discovery  of  this  si>ecies  in  Charleston,  I  was  inclined  to  place  it 
as  belonging  to  the  genus  Chcetetes,  but  finding  the  mural  pores 
and  the  fissiparous  development,  I  felt  satisfied  that  it  could  not  be 
placed  amongst  that  genus,  and  may  be  regarded  as  possessing 
characters  which,  with  further  development,  indicating  a  tran- 
sitional condition,  which  with  further  differentiation  will  merge 
into  the  simpler  varieties  of  Chcetetedct. 

Alveolites  capillars.  (Phillips.) 

In  this  species  there  are  from  six  to  ten  corallites  in  the  space 
of  a  line,  and  from  three,  to  seven  lines  long,  and  the  tabulae  are 
about  a  seventh  of  a  line  apart  From  the  near  approximation  of 
this  species,  I  was  long  disposed  to  regard  it  as  a  variety  of  Alv. 
depressa  ;  but  from  the  examination  of  a  large  series  of  specimens, 
I  have  placed  it  as  a  distinct  species,  which  may  be  regarded  as  an 
intermediate  variety  between  Alv.  septosa  and  Alv.  depressa^  and 
which  can  be  traced  diverging  in  opposite  directions ;  and  beg  to 
state,  that  it  gives  me  the  greatest  pleasui'e  to  corroborate  the 
classification  of  the  eminent  and  amiable  author,  Prof.  John 
Phillips. 

Alveolites  Etheridgeii,  (Thomson.) 

There  is  no  species  of  the  giou])  that  presents  more  distinctive, 
and  yet  more  varied  characters  than  this  one.  The  corallites  are 
extremely  varied  and  large.  Some  arc  pentagonal,  hexagonal,  hep 
tagonal,  and  sub-rhomboidal ;  some  are  one  line,  whilst  others  are  a 
third  of  a  line  in  diameter.  They  are  here  and  there  arranged 
throughout  the  mass  in  substellate  groups,  radiating  irregularly 


*  This  is  Ch'Jitt'JtA  hiipi  rbonus  of  Nicholson  aud  Etheridge. 
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around  a  large  central  corallite.  Some  of  these  are  fully  two  lines 
long,  and  a  third  of  a  line  broad.  In  the  neighbourhood  of  these 
radiate  groups,  the  surface  is  more  or  less  vermicular  in  external 
aspect.  The  tabulss  are  close,  and  about  a  seventh  of  a  line  apart. 
I  have  several  specimens  of  this  species  in  my  cabinet,  in  which 
the  structure  is  so  coarsely  granular  that  I  did  regard  it  as  a 
variety  of  Pachypora  Lindstrom.  When,  however,  carefully  sec- 
tioned specimens  are  examined,  the  alveolitic  type  is  clearly 
pronounced.  In  another  specimen  from  the  same  locality  there  are 
occasionally  seen  mmute  intermural  pores,  or  young  corallites,  which 
is  the  characteristic  of  both  Fiistulapora  and  Chcetetes.  The  struc- 
tural characters  of  Alveolites j  however,  largely  predominates,  and 
therefore  we  can  only  regard  such  forms  as  diverging  species,  and 
as  varieties  between  Favosites  on  the  one  hand,  and  on  the  other 
the  structural  details,  which  are  found  in  both  the  genera  Clueteteda: 
and  Fusttdaporidce. 

It  will  thus  be  apparent  that  in  this  genus  there  are  present 
structural  details  which  clearly  indicate  divergent  conditions,  which 
with  further  development  unites  and  merges  into  allied  groups, 
and  all  showing  clearly  that  there  was  an  innate  tendency  in  the 
living  animal  to  variation,  and  that  modification  was  more  or  less 
regulated  by  the  surrounding  conditions  during  life. 

Genus.    Beumontia.     (Edwards  and  Haime.) 

The  next  group  in  an  ascending  series  which  has  the  nearest 
relation  to  the  preceding  is  the  genus  Beumontia  (E.  and  H.). 
As,  however,  I  have  not  yet  discovered  that  genus  in  any  of  the 
localities  I  have  yet  examined,  I  will  simply  recapitulate  the 
description  of  the  eminent  authors,  which  may  be  found  in  the 
Palaeontographical  Society's  Transactions^  1850. 

Corallum  forming  a  tall,  lobate  mass,  corallites  basaltiform, 
somewhat  flexuous,  and  showing  distinctly  costal  striae  under  the 
epitheca.  Calices  very  variable  in  size,  the  largest  about  three  lines 
in  diameter;  tabulae  closely  set,  mostly  horizontal,  and  veiy  slightly 
convex — some  incomplete  and  subvesicular. 

In  the  absence  of  facile  evidence,  I  can  only  shortly  refer  to  the 
structural  character  as  described  in  the  above  memoir: — (1)  The 
corallites  are  found  in  lobate  masses,  and  basaltiform;  (2)  the 
calices  are  of  variable  dimensions ;  (3)  the  tabulaj  are  closely  set, 
mostly  horizontal,  and  slightly  convex;  (4)  and  some  are  incom- 
plete and  subvesicular. 
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It  will  thus  be  apparent  tliat  genus  BeumoiUia  possesses  char- 
acters which  indicate  an  intermediate  group  between  Alveoliles  on 
the  one  hand  and  the  genus  Michelini  on  the  other.  It  agrees 
with  the  former  in  the  possession  of  more  or  less  horizontal 
tabula',  and  with  the  latter  by  the  fact  that  a  portion  of  the  tabulae 
are  iiTegular,  and  present  a  subvesicular  tispect,  and  the  necessarily 
variable  aspect  in  their  size  in  a  transvei-se  section;  and  thus  may 
bo  said  to  merge  from  the  fomier  into  that  of  the  latter,  and  thus 
indicate  that  variability  is  innate,  and  that  modification  bridges 
and  unites  the  former  with  that  of  the  latter.  There  is,  however, 
no  mention  made  of  mui-al  pores.  If  mural  pores  are  wanting, 
then  the  genus  may  be  said  to  have  an  intermediate  position 
between  the  Tubulosa  and  the  simple  forms  of  Amplexus;  these 
supposed  relationships  must  wait  for  more  direct  evidence. 

Genus  Michelini.  (Koninck.) 

Plate  IV.,  Figs,  (i  and  (iA. 

(imeric  Gliaracters. — Coralluni  compound,  and  composed  of 
closely- aggregated  polygonal  offsets  from  the  lateral  margins  of  the 
central  tubular  corallites,  which  are  cylindrical  when  free  from 
lateral  pressure ;  when  affected  by  lateral  pi-essure  they  are 
prismatic.  Gemmation  caliculte,  and  lii^st  observed  as  a  minute 
semicircular  plate  at  the  angle  of  the  parent  corallite,  which,  with 
increased  growth,  enlarges  across  the  angle  of  the  primary  corallite, 
and  grows  side  by  side,  and  all  are  encircled  by  the  epitheca,  and 
the  external  aspect  is  more  or  less  radiciform.  The  calices  are 
mammillatcd  around  their  inner  margins,  pentagonal  and  hexagonal, 
in  the  large  compound  masses  where  they  are  more  or  less  affected 
by  lateral  i)ressure.  The  walls  are  perforated  by  irregular  mural 
pores.  It  seems  to  have  been  attached  to  foreign  bodies  by  a 
single  corallite.  Some  forms  are  in  dome-formed  masses,  wliilst 
other  forms  are  in  irregular  pyriform  and  hemispherical  masses. 
The  tabula  is  more  or  less  convex,  and  souie  are  incomplete  and 
subvesicular. 

As  regards  the  alHnity  and  classilicatory  position  of  the  genus 
Michelini,  from  the  above  account  of  the  structure,  there  is  little 
doubt  that  the  genus  forms  an  intermediate  position  between  the 
genus  Beuniontia  and  the  genus  Favosites.  With  Beumontia  it 
agrees  in  being  in  compound  polygonal  communities,  and  the 
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tabulse  are  horizontal  and  slightly  convex.  Some  are  incomplete 
and  sub  vesicular,  and,  in  this  res})ect,  may  be  said  to  form  an 
intermediate  group  between  the  compound  vesicular  forms  and 
the  simple  forms  of  Cahphyllum  (Dana).  I  am,  however,  induced 
to  believe  that  other  forms  will  yet  be  discovered,  which,  with  in- 
creased development  of  the  vesicular  zone,  will  more  closely  unite 
those  genera ;  and  with  Favoaites,  it  agrees  in  its  mode  of  vesicular 
gemmation,  and  it  being  in  compound  communities  in  the 
possession  of  sparse  tabulae,  and  by  its  irregular  mural  pores. 
We  have  thus  further  indicated  that  new  and  more  highly-organ- 
ized forms  merge  from  the  simpler  and  less  complex  forms  by  suc- 
cessive stages  of  development — thus  investing  each  successive  stage 
of  our  inquiry  with  increasing  interest,  and  inducing  us  to  believe 
that  other  and  more  highly-organized  forms  wait  our  investigations. 

From  what  has  been  stated,  we  are  instinctively  led  to  inquire 
into  the  structural  details  and  classificatory  value  of,  and  as  indi- 
cated in  the  only  species  of  Favositea  that  I  have  met  with  in  the 
carboniferous  system. 

Genus  Favosites.  (Lamarck.) 

Generic  Characters. — Coral liun  in  more  or  less  spherical  com- 
pound communities,  and  composed  of  irregular  polygonal  corallites, 
and  extend  outwards  at  right  angles  to  the  central  corallites. 
The  calices  are  varied  in  their  form  and  size — some  are  pentagonal, 
whilst  others  are  hexagonal,  and  they  surround  the  spheroidal 
mass.  The  walls  are  perforated  with  irregular  mural  pores. 
Their  development  arises  from  the  inner  margin,  and  near  the 
apex  of  the  calice,  and  are  first  seen  as  a  slight  thickening  of  the 
wall,  but,  on  further  development,  become  an  elongated  depression, 
and  gradually  become  subspherical  in  outline,  when,  with  lateral 
pressure,  they  become  more  or  less  polygonal.  There  are  minute 
spine-like  processes  or  pseudo-septa  (*?)  irregularly  developed.  If 
these  spine  processes  are  septa,  they  thus  foreshad(nv  the  septal 
system  of  more  highly-organized  forms. 

Favosites  parasitica,  (Phillips.) 

Plate  IV.,  Figs.  4  and  4a. 

Specific  Characters. — Corallum  compound,  and  usually  found 
encircling  the  spines  of  Productiis  in  globular  masses.    The  walls 
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are  delicate,  and  fiised  with  each  other,  which  can  only  be  observed 
in  sections  that  are  prepared  for  microscopical  examination.  The 
calices  are  unequal  in  size ;  some  are  very  small,  and  seen  at  the 
angles  of  the  larger  corallites.  Gemmation  begins  in  the  inner 
margin  of  the  lip,  which  is  first  observed  as  a  slight  thickening 
of  the  wall,  which,  with  further  development,  becomes  subsemi- 
cii'cular,  and  merges  into  the  polygonal  aspect  of  the  parent 
corallite.  There  is  an  epitheca;  but,  in  consequence  of  the 
spherical  character  of  the  mass,  and  their  union  with  each  other, 
I  am  unable  to  define  its  character.  The  tabulte  are  sparse,  and 
extend  from  wall  to  wall.    There  are  irregular  mural  pores. 

Form  and  Size  of  Corallum. — Some  forms  are  obovate,  whilst 
others  are  spherical,  and  varying  in  size  from  a  line  to  half-an-inch 
in  diameter. 

Formation.  — Lower  carboniferous. 

Locality. — Howwood,  Renfrewshire;  and  Brockley,  near  Les- 
mahagow,  Lanarkshire. 

This,  the  only  species  of  this  genus  known  as  belonging  to 
the  carboniferous  system,  was  described  by  Professor  Phillips 
(Geol.  of  York,  1836),  as  Calamapora  parasitica  for  a  globular 
form  found  encrusting  the  stems  of  encrinites.  M*Coy  (Syn,  Carb. 
Foss.  of  Ireland,  1844),  was  persuaded  that  it  was  more  closely 
allied  to  the  genus  Favosites,  and  therefore  described  it  as  Favosites 
parasitica — a  classification  subsequently  adopted  by  Edwards  and 
Hairae  (Tmn.  Pal.  Soc,  1850). 

The  genus  Favosites,  in  some  respects,  is  closely  allied  to  the 
genus  Miclielini  of  Koninck  (Plate  IV.,  Figs.  6  and  6a)  in  the 
possession  of  iiTegular  tabulse.  It  is,  however,  separated  from 
Michelini  by  its  globular  form,  by  its  mode  of  gemmation,  and 
by  the  fact  that  the  corallites  radiate  out  from  the  central  parent 
coi-allite  in  all  directions,  and  are  therefore  more  or  less  at  right 
angles  to  the  centre  of  the  commimity.  While  it  possesses  struc- 
tural characters  on  the  other  side  which  foreshadow,  and  more  or 
less  unites  it  to  the  genus  Fistulipora  (M*Coy),  it,  however,  differs 
from  Fistulipm^a  by  the  fact  that  the  tabulie  are  never  so  abun- 
dantly developed,  and  the  parent  corallite  is  never  surrounded 
by  minute  pores,  as  is  always  found  in  Fistulipora,  With  our 
present  knowledge,  the  genus  Favosites  may  be  said  to  be  an 
intermediate  group  between  Michelini  on  the  one  hand,  and 
Fistulipora  on  the  other,  and  will  thus  form  a  more  or  less  con- 
nected series.     Yet,  I  am  persuaded  that  other  forms  will  be 
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discovered  that  will  more  closely  unite  those  groups,  and  more 
fully  demonstrate  the  great  principle  that  modification  in  the 
structural  characters  has  been  evolved  by  transitions  of  micro- 
scopic pi"oportions. 

The  genus  Fistulipora  now  falls  to  be  considered  in  an  ascending 
series. 

Genus  Fistulipora.  (M*Coy.) 

Generic  Characters. — Corallum  compound,  and  composed  of 
minute  cylindrical  corallites,  which  are  more  or  less  surrounded  by 
a  system  of  circular  cells  half  the  diameter  of  the  central  corallite. 
These  cells  alternate  with  the  cells  of  the  neighbouring  corallites 
in  one  form,  while  in  another  there  are  three  cells  between  each 
corallite.  The  tabulae  are  at  right  angles  to  the  vertical  plane  of 
the  corallites,  and  also  the  surrounding  cells,  and  separated  by 
spaces  equal  to  the  diameter  of  each.  They  are  developed  either 
as  encrusting  sheets  or  parasitic,  and  not  infrequently  they  are 
found  encircling  the  spines  of  Productus  (Plate  IV.,  Fig.  5). 

The  genus  Fistulipora  agrees  with  Favosites  in  being  developed 
in  compound  encrusting  communities,  and  there  is  always  tabulae 
present.  It,  however,  has  a  divergent  character,  and  is  separated 
by  the  position  of  a  system  of  cells,  which  encircles  the  larger 
corallites.  In  Favosites  there  are  occasionally  developed  minute 
cells  at  the  angles  of  the  larger  corallites,  and  thus  indicate,  with 
further  development,  the  cellular  tissue  that  always  surrounds  the 
larger  corallites  in  Fistulipora,  The  latter  character  indicates  a 
transitional  condition  which  merge  and  more  or  less  unite  Fistuli- 
pora to  groups  which  include,  amongst  others,  the  genus  Monticuli- 
pora  (Koninck),  and  which  diverges  and  unites  the  genera  Pdlceces, 
Chcstetes,  and  Diastipora — a  group  which  requires  more  careful 
consideration  than  has  yet  been  devoted  to  them  before  they  can 
be  satisfactorily  assigned  their  proper  classificatory  positions.  I 
may,  however,  say  in  a  general  way  that  I  do  possess  a  lai'ge  and 
varied  series  of  each  genus.  While  I  am  not  disposed,  in  the 
absence  of  an  examination  of  the  type  forms,  to  approach  a  descrip- 
tion of  their  generic  characters,  yet,  from  the  evidence  in  my 
possession,  I  am  persuaded  that,  when  carefully  investigated,  there 
will  be  found  a  series  of  divergent  conditions  that  will  unite  the 
different  genera  into  a  more  or  less  connected  series,  and  amply 
demonstrate  that  there  was  an  innate  tendency  to  differentiation 
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in  the  tissue  of  the  living  animals,  and  that  their  morphological 
conditions  were  more  or  less  affected  by  further  development  and 
the  suri'ounding  conditions. 

At  page  42,  when  describing  the  genus  ProtocycUhophylium,  I 
stated  that  the  simple  forms  of  that  genus  had  a  close  alliance  to 
the  genus  Amplexns,  of  Sowerby,  by  the  fact  that  they  are  always 
simple  and  free  and  developed  from  ova,  and  that  in  some  forms 
the  septal  system  was  rudimentary,  and  rested  upon  the  superior 
fiice  of  the  tabulje.  I  will  therefore  describe  the  generic  character 
of  the  genus  AmpleoiMS,  and  point  out  what  structural  details 
indicate  that  development  had  been  progressive,  and  wherein 
each  species  does  indicate  a  correlation  to  each  other. 

Genus  Amplexus.  (Sowerbv.)* 

Generic  Characters. — Corallum  simple,  cylindrical,  sub-cylindri- 
cal, and  tapering  towards  the  base,  is  frequently  tall,  and  more  or 
less  twisted.  The  epitheca  is  of  variable  stoutness,  and  there  are 
encircling  lines  of  growth  and  accretion  ridges.  The  septa  ai-e 
either  wanting,  or  are  delicate  and  short,  and  of  one  oixler.  The 
tabula  are  well  developed,  extending  completely  across  the  visceral 
chamber,  and  invariably  exposed  over  a  wide  centi'al  area,  into 
which  they  do  not  extend  for  any  great  distance.  A  rudimentary 
septal  fossula  is  present,  which  is  usually  formed  by  a  slight  lateral 
depression  of  the  tabula*.  The  calice  is  circular  and  shallow,  with 
a  thin  margin. 

The  genus  Amplexm  was  established  for  the  reception  of  a  group 
of  corals  which  form  a  natural  and  intermediate  series  between 
the  compound  tabulata  as  the  tabulate  species  of  Atilopora,  and  the 
dense  and  massive  communities  of  the  genus  AlveoliteSy  on  the  one 
hand,  and  to  the  genus  Calophyllum  on  the  other,  and  which  can 
be  traced  by  transitional  varieties  to  pass  into  the  genus 
Zaphrentis. 

The  nearest  ally  of  Ainpleocus  has  usually  been  assumed  to  be 
the  genus  Zaphrentis  of  Rafinesque  and  Clifibrd,  and  there  is 
doubtless  a  close  alliance  l>etween  the  two.  Typical  examples  of 
the  former,  however,  are  always  readily  and  completely  separated 
from  cliamcteristic  species  of  the  latter  genus  by  the  much  more 
rudimentary  conditions  of  the  septal  system  and  the  nature  of  the 


*  Sowerby 's  Mineral  Conchology,  vol.  1.,  p.  16'). 


Mr,  Thomson  on  Corah  of  Carboniferoua  System  of  Scotland.  353 


septal  fossula.  Upon  the  whole,  therefore,  those  two  genera  are 
distinguished  from  each  other  by  charactei-s  of  greater  distinction 
than  those  which  separate  Alveolites  from  Amplexus.  In  order 
that  the  relationship  of  A  mplexii^  to  its  near  allies  may  be  clearly 
defined,  I  will  briefly  refer  to  tliose  genera  which  form  natural 
and  connecting  links,  as  exhibited  in  their  structural  details  in 
an  ascending  series.  Before  doing  so,  it  will  be  necessary  to  point 
out  a  few  of  the  more  important  specific  characters  of  the 
genus  A  mplexus. 

Amplexus  mimitfts.    (Thomson.)    Sp.  nov. 
Plate  III.,  Fig.  11. 

Specific  Characters. — Corallum  simple,  cylindrical,  and  minute. 
The  epitheca  is  stout^  and  there  are  indications  of  minute  annula- 
tions  of  growth.  The  calice  is  circular  and  deep  in  proportion  to 
the  size  of  the  corallum.  Septa  wanting.  The  tabulae  are  com- 
plete, and  extend  from  wall  to  wall ;  there  are  twenty  tabula  in  a 
corallum  one  line  long. 

Height  of  corallum,  1  line ;  diameter  of  calice,  V     ^  li^^- 

Formation. — Lower  carboniferous. 

Locality. — Asheyburn,  near  Muirkirk,  Ayrshire. 

For  a  number  of  years  I  regarded  this  delicate  species  as 
belonging  to  the  Diatoinacem  before  deciding  as  to  its  proper  classi- 
ficatory  position.  I  submitted  it  to  one  of  our  ablest  authors  in 
that  department.  He  could  find  no  trace  of  its  alliance  to  the 
diatoms,  and  considered  that  its  proper  classificatory  position  was 
with  the  Uydroids^  and  have,  therefore,  from  it  being  a  simple 
tabulate  form,  placed  it  in  the  genus  Amplexus,  and  believes  that 
it  connects  the  minute  species  of  Alveolites  with  the  genus  AmplexiLSy 
and  thus  forms  an  important  factor  in  tracing  the  development 
and  transitional  tendencies  of  the  class.  In  order  that  we  may 
more  fully  trace  in  the  structural  details  the  transitional  characters 
indicated  in  the  genus,  I  will  simply  refer  to  a  few  of  the  species, 
and  show  in  what  aspect  their  development  is  indicated,  and 
wherein  these  transitional  foims  unite  not  only  the  species  of  that 
genus,  but  show  how  they  merge  into  their  nearest  allies. 

Amplexiis  Soioerbyi.  (Phillips.) 

Plate  v.,  Figs.  1  and  U. 

The  corallum  is  simple,  the  tabula  distant,  the  wall  is  stout,  and 
the  septa  are  indicated  by  minute  pointed  granules. 
Vol.  XIV.  2  A 


354 


Philosophical  Society  of  Glasgow. 


Ampl^is  serpluloides.  (Koninck.) 

Plate  v.,  Figs.  2  and  2a. 

Tlie  corallum  is  simple,  the  tabulae  are  numerous,  the  wall  is 
thin,  and  the  septa  extend  inwards.  They  are  double  the  length  of 
the  former  species,  as  minute  spines,  or  about  J  of  a  line. 

AmpUxus  nodulost(8.  (Phillips.) 

Plate  v.,  Figs.  3,  3a,  4,  and  4.A. 

The  corallum  is  simple.  The  tabulae  are  more  or  less  convex, 
and  curve  at  their  lateral  margins.  The  wall  is  delicate,  and  the 
epitheca  is  marked  with  delicate  annulations  of  gro^vth,  and  there 
are  irregular  nodular  prolongations,  which  are  more  numerous  near 
the  inferior  extremity.  The  septa  extend  inwards  in  tig.  3  for  a 
line,  and  in  fig.  4  for  two-thirds  of  a  line,  and  there  are  faint 
indications  of  interaeptal  dissepiments. 

Amplexiis  spinosus.  (Koninck.) 

Plate  v.,  Figs.  5andoA. 

The  corallum  is  simple,  and  the  tabula  is  slightly  more  curved ; 
and  there  is  a  series  of  shai-p  spines  extending  from  thef  epitheca. 
The  septa  are  slightly  more  numerous,  and  the  interseptal  dissepi- 
ments are  considerably  more  increased  in  number. 

Ampleoims  coralloi<les.    (Sower by.) 

Plate  v.,  Figs.  6  and  6a. 

The  corallum  is  simple,  tall,  and  curved;  the  tabulae  are  wide 
a^mrt,  and  at  their  lateral  margins  sharply  deflected  downwards. 
The  septa  are  longer  than  any  of  the  preceding  species,  and  are 
united  by  one  interseptal  dissepiment ;  and  the  fossula  is  indicated 
by  a  slight  depression  of  the  lateral  margins  of  the  tabula?. 

Amplexns  irregularis.  (Thomson.) 

Plate  v.,  Figs.  7  and  7a. 

The  corallum  is  simple,  cylindro-conical,  and  tall.  The  epitheca 
is  thin,  and  marked  with  longitudinal  ribs,  shallow  annulatioiiB, 
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and  crenulate  encircling  lines  of  growth.  The  septa  are  longer, 
and  the  interseptal  dissepiments  are  more  numerous  than  in  any 
of  the  preceding  species;  and  in  the  spaces  usually  occupied  with 
the  secondary  septa  there  are  very  minute  granules  exposed  on  the 
inner  face  of  the  epitheca.  The  fossula  is  indistinct— one  of  the 
septa  of  shorter  length  extends  into  it. 

Amplexus  comuformis.  (Ludwig.) 

Plate  v.,  Figs.  12  and  12a. 

The  corallum  is  simple.  The  tabulae  are  concave  and  deflected 
downwards  at  their  lateral  margins.  The  septa  are  stouter  and 
longer,  and  the  fossula  is  more  pronounced. 

Amplexus  Haimeanus.  (Koninck.) 

Plate  v..  Figs.  8  and  8a. 

The  coralhim  is  simple,  short,  and  turbinate,  and  there  are  a 
few  nodes  irregularly  over  its  surface.  The  septa  are  more 
developed  than  in  any  of  the  former  species;  and  the  interseptal 
dissepiments  are  more  numerous.  Plate  V.,  Figs.  9  and  9a — 
another  si)ecimen  of  the  same,  showing  the  septa  longer  and  tho 
interseptal  dis.sepiments  more  numerous. 

Amplexus  Henslowi.    (Edwards  and  Haime.) 

Plate  v.,  Figg.  10  and  10a. 

The  corallum  is  simple,  the  wall  is  stout.  The  septa  extend 
considerably  further  inwards  than  in  the  former,  and  united  by 
interseptal  dissepiments;  and  the  tabula)  are  irregular,  and 
deflected  downwards  at  their  lateral  margins. 

Amplexus  intermedius.    (Thomson.)    8p.  no  v. 

Plate  v.,  Figs.  IS  and  18a. 

The  corallum  is  simple,  comute.  The  septa  extend  inwards  to 
near  the  centre  of  the  central  area,  and  in  this  respect  is  closely 
united  the  genus  DensyphyUuin  Dibowskei.  The  interseptal 
dissepiments  are  more  numerous  than  in  any  of  the  former  species, 
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and  the  tahnlate  ai-ea  is  small,  and  only  occupies  about  two-tliircls 
of  a  line. 

Ample:ni8  variabilis,    (lliomson.)    8p.  nov. 

Plate  v.,  Figs.  20  and  20a. 

Ooralluni  simple,  comute.  The  septa  are  of  vanable  length ; 
Kome  of  them  extend  to  near  the  centre  of  the  central  area,  and 
c*ach  is  united  by  numerous  interseptal  dissepimenta 

ft  will  thus  bo  apparent  that  the  genus  Amplexus  must  be 
regarded  as  a  ^  ery  distinct  one,  and  that  in  tracing  the  structural 
details  of  the  group,  it  is  patent  that  the  modifications  are  of  a 
very  marked  character,  and  may  be  followed  throughout — from  the 
minute  simple  tabulate  species  Amp,  minutus^  in  which  there  is 
no  septal  system  developed  through  all  the  stages  of  increased 
septal  extension  up  to  Amjy.  intermedia:  in  which  the  septa  extend 
inwards  along  the  superior  face  of  the  tabula?,  until  they  all  but 
unite  in  the  centre  of  the  calicular  cavity.  In  Amp,  intermedins 
there  are  indications  of  secondary  septa  in  the  presence  of  minute 
granules,  occupying  the  spaces  in  which  the  secondary  septa  are 
always  developed ;  and  thus  indicate  tmnsitional  characters  which 
may  be  regarded  as  foreshadowing  the  more  highly-organizeil 
genus  CalophyUum  of  Dana,  in  which  the  secondaiy  septa  are 
more  or  less  rudimentary — which  is  one  of  the  distinguishing 
character  of  that  genus.  There  are  modifications  in  the  tabular 
equally  distinct;  and  each  species  vanes  in  other  parts  of  the 
corallum,  but  it  is  only  in  the  central  area  that  any  important  dis- 
tinction can  be  relied  on  for  specific  diagnosis;  and  therefore,  the 
structural  details,  as  indicated  by  gradations  so  minute,  are  of 
great  importance  to  the  practical  palaeontologist  But  such  delicate 
modifications  are  also  extremely  interesting,  and  so  fully  illustrate 
the  potent  principle  that  variability  is  not  only  innate,  but  is  of 
great  value  for  diagnostic  purposes. 

As  has  been  formerly  stated,  the  classificatory  position  of  the 
genus  Amplexus  unites  the  genus  Alveolites  on  the  one  hand,  and 
passes,  by  gradations  of  extreme  minuteness,  into  the  genus 
CalophyUum,  There  are,  however,  these  differences  to  be  noted  : 
the  genus  Alveolites  Ls  always  in  compound  colonies,  gemmation  is 
by  fissiparity,  and  there  are  always  mural  pores,  and  the  tabula? 
extend  across  the  corallum  from  wall  to  wall. 

In  the  genus  Amplexus  the  corallum  is  simple,  and  developed 
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from  ova ;  the  tabula  extends  and  is  rectangular  in  some  of  tile 
forms,  whilst  in  those  in  which  the  divergent  tendency  is  indicated 
they  are  either  convex  or  concave.  The  septa  are  wanting  in 
Amp,  ininutusy  and  more  or  less  developed  in  all  the  other  species, 
and  in  proportion  as  their  transitional  chai*acter  is  pronounced, 
there  is  a  proportionate  increase  in  the  development  of  the  septal 
system ;  and  in  one  species,  Ainp,  irregularis,  the  secondary  septa 
are  foreshadowed  by  minute  granules  occupying  the  space  in  which 
the  secondary  septa  are  developed. 

In  the  genus  Calophyllum  the  corallum  is  simple,  and  developed 
from  ova.  The  tabulae  are  irregular,  and  there  are  introduced 
vesicular  tissues  in  the  peripheral  zone;  and  secondary  septa  are 
in  some  forms  rudimentary,  and  in  others  more  or  less  developed, 
and  each  is  united  by  sparse  interseptal  dissepiments.  It  will  thus 
be  apparent  that  the  latent  principle  of  variability  is  abundantly 
exemplified,  and  that  development  from  the  simpler  species  to  the 
more  complex  varieties  is  in  no  grou])  better  exemplified  than  in 
those  under  consideration ;  and  in  order  that  their  connection  and 
transitional  characters  may  be  clearly  traced,  I  will  now  briefly 
notice  the  varieties  of  the  genus  Calophyllum  of  Dana. 

In  the  preceding  groups  I  have  attempted  to  trace  their  generic 
relations  and  transitionary  tendencies  to  variation,  and  in  which 
we  found  in  each  successive  genus  distinct  and  easily  separable 
structural  details.  We,  however,  now  have  come  to  a  gi'oup  in 
which  the  details  are  equally  well  specialized,  but  in  which  there 
are  structural  characters,  which,  although  foreshadowing  and 
occupying  the  i)osition  of  secondary  septa,  as  in  Amplexus  irregu- 
luris,  yet,  in  no  instance  have  we  found  secondary  septa  sufficiently 
developed  to  warrant  u.^  in  doing  more  than  to  indicate  and 
refer  to  their  relative  i^osition  as  presented  in  the  granular  tissue 
that  is  more  or  less  developed  around  the  inner  face  of  the  peri- 
phery in  that  species.  Where  secondary  septa  are  developed  in 
more  highly-organized  forms,  such  rudimentary  or  atrophied  organs 
are  not  only  of  high  physiological  importance,  but  their  develop- 
ment is  of  much  value  in  classification. 

Although  the  secondary  septa  are  introduced,  and  rudimentary 
in  the  next  gi*oup  which,  in  ascending  series,  falls  to  be  considered, 
I  do  not  wish  it  to  be  understood  that  the  mei-e  physiological 
importance  of  that  organ  exclusively  determines  its  classificatory 
value,  as  in  many  of  the  succeeding  groups  which  fall  to  be  con- 
sidered, the  secondary  soi)ta  arc  more  or  loss  developed,  yet  their 
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classificatory  position  is  widely  diflferent.  Practically,  in  tracing 
the  development  and  divergent  characters  of  this  group  of  organic 
remains,  the  introduction  of  the  secondary  septal  system  can  only 
be  regarded  as  indicating  their  progressive  development,  and  which, 
I  believe,  warr^inted  Prof.  Dana  in  assigning  to  them  a  clear 
generic  position,  whose  relationship  is  indicated  in  the  more 
highly-developed  species  of  AmpUxus,  These  have,  on  the  other 
side,  an  intimate  relation  to  the  genus  Zaphrentis,  and  in  those 
forms  in  which  the  stnictural  details  are  more  fully  pronounced  they 
merge  into  and  become  united  to  the  genus  CampophyUum  (if  that 
generic  name  can  be  longer  retained).  This,  however,  I  have  grave 
doubts  of,  if  we  are  to  retain  such  species  as  Cyathophyllum  Wrighti, 
Cyath,  paracida,  and  othei-s,  as  belonging  to  the  genus  Cyatho- 
phyllum^ which  will  fall  to  be  referred  to  by  and  by.  Meanwhile, 
I  will  briefly  refer  to  the  genus  Calophylhim  Dana^  and  see  wherein 
the  stnictuml  characters  of  that  genus  warrants  us  in  believing 
that  development  was  progressive,  and  if  indicated,  how,  and  by 
what  means,  can  their  more  highly-organized  details  be  traced. 

Genus  Calophyllum.  (Dana.) 

Generic  Characters. — Corallum  simple,  cylindro-conical,  and 
curved.  The  epitheca  is  well  developed,  and  usually  stout,  and 
there  are  encircling  lines  and  annulations  of  growth.  The  calice 
is  circular  and  shallow.  The  septa  are  of  two  orders,  and  of 
variable  length.  The  secondary  are  rudimentary,  and  interseptal 
dissepiments  are  indicated  in  some  forms,  and  there  is  a  propor- 
tional increase  in  those  species  in  which  the  primary  septa  are 
more  fully  developed.  A  septal  fossula  is  present,  and  usually 
one  septum,  half  the-  hingth  of  the  others,  extends  into  it.  The 
circumferential  zone  of  vesicular  tissue  is  indicated,  and  the  septa 
rest6  upon  the  superior  face  of  the  broad  tabula?. 

The  genus  Calophyllum  was  established  by  Prof.  Dana  for  the 
reception  of  a  group  of  simple  tabulate  forms,  which  go  to  form  a 
natural  and  intermediate  scries  between  the  genus  Amplexus  and 
that  of  the  genus  Zaphreniis,  and  the  more  highly-developed  forms 
merge  so  closely  to  the  genus  Campoj)hyllum  (Edwards  and  Haime), 
that  it  becomes  doubtful  whether  the  more  highly-developed  species 
of  the  former  can  be  regarded  as  having  more  than  specific  dis- 
tinction from  the  hitter.    If,  however,  the  genus  CalophyUum  is 
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retained — and  there  seems  to  me  no  reasonable  doubt  regarding  its 
classificatory  position  and  value,  indeed,  a  priori  establishes  its 
validity — then  the  question  aiises,  To  what  classificatory  position 
can  we  assign  the  genus  Campophyllumf  As  that  genus  falls  to 
be  considered  further  on,  I  will  meanwhile  note  a  few  of  the 
structural  characters  of  the  genus  Calophylluniy  and  see  whether 
there  are  indicated  stinictural  details  in  the  group  that  will  war- 
rant us  in  regarding  their  transitional  charactei*s  indicative  of 
progressive  development. 

Cahphylhim.    Sp.  ? 

Plate  v.,  Figs.  15  and  15a. 

Specific  Characters. — Corallum  cylindro-conical,  and  taj)oring  to 
a  point.  The  calice  is  circular  and  shallow,  and  the  centre  of  its 
floor  is  occupied  with  broad  flat  tabula.  The  primary  septa  extend 
inwanls  fully  a  line,  the  secondary  septa  are  rudimentary,  and 
represented  by  minute  spines,  which  are  stout  at  their  base,  and 
become  pointed,  and  each  rests  upon  the  tabula.  The  epitheca  is 
stout,  and  there  are  broad  and  shallow  annulations  of  growth.  The 
tabulae  are  extremely  varied,  and  bend  downwards  to  the  doi*sal 
side  of  the  corallum,  and  the  vesicular  tissue  is  indicated.  The 
septal  fossula  is  obscure,  and  two  of  the  primary  septa,  of  shorter 
length,  extends  into  it.  There  are  thirty-two  primary,  and  an  equal 
number  of  minute  secondary  septa. 

Height  of  corallum,  1  inch;  diameter  of  calice,  7i  lines. 

Formation. — Lower  carboniferous. 

Locality. — Found  at  Auchenskeoch,  Daliy,  Ayi-shire. 

In  the  absence  of  accurate  knowledge  as  to  the  specific  character 
of  the  type  of  the  genus,  I  liav(;  not  added  specific  names  to  the 
group.    There  is,  however,  one  exception — i.e.,  Calop.  Danai. 

This  species  is  readily  distinguished  by  the  broad  tiibulse — the 
primary  septa  being  short — and  by  the  minute  secondary  septa 
and  the  much  greater  curvature  of  the  tabulae,  and  fonns  a  natural 
and  intermediate  species  between  Ampleosus  and  Calaphyllum. 
The  presence  of  the  abortive  secondary  septa  clearly  indicates  its 
generic  position. 

Calophyllum.    Sp.  ] 

Plate  v.,  Figs.  16  and  16a. 

Specific  Characters. — Corallum  simple,  cylindrical,  and  curved. 
The  calice  is  circular  and  moderately  deep,  and  the  septa  extends 
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•^wi  'ie^j>  oToa^i  a:.i.-ilit"d::L^  o:  ot^^  Tne  cadice  is  modermtel j 
f\t'M\i^  fif.'i  iv.  c^r-tr-:-  i.'i  o-^ripieii  '-t  d^t  tabulae,  which  is  to  a  large 
cxt^r.t  c//TjC'raiftd  f>v  the  ioLg  Sfiri^usL.  The  septa  are  of  two  orders; 
th^:  primary  ^;xt^;r.a  i:.'*  .^rti-i  a  ii:tle  over  a  third  of  the  total  width 
t/1  til';  corall'irjj.  'Hie  secomiar}-  are  represented  by  sharply-pcunted 
i(TMiuh'Hf  and  f^ach  Li  united  by  interseptal  dissepiments.  The 
f//HAula  i.H  indiiitinct.  In  the  longitudinal  section  (Fig.  11a)  the 
Uibfila  urf,  uiora  or  less  horizontal  Tlie  vesicular  tissue  is  convex, 
t'XU'iiiin  inwardh,  and  rcsu  uj>ou  the  superior  face  of  the  tabul«e. 

H«:ij4ht  of  r;^milluni,  1  inch  3  lines;  diameter  of  calice,  6  lines. 

ForvuUum.  —  I^jwer  carboniferous. 

Arm/iVy.  — Found  at  Brockley,  Lesmahagow,  Lanarkshire. 
TliiM  \\\m:u'M  diflern  fioin  the  former  by  the  stoutness  of  it«  wall. 
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The  secondary  septa  are  short,  broad  at  their  base,  and  pointed  at 
their  apex;  or,  in  other  words,  are  pointed  gi-anules. 

CalophyUiim  Danai.    (Thomson.)    8p.  no  v. 
Plate  v.,  Figs.  19,  19a,  and  19ij. 

Specific  Cfiaractet's, — Corallum  simple,  cylindro-conical,  and 
curved.  The  epitheca  is  thin  and  marked  with  longitudinal  ridges 
and  irregular  annulations  of  growth.  The  calice  is  moderately 
deep,  and  a  plate  is  seen  extending  across  the  superior  face  of  the 
tabulae.  The  septa  are  of  two  orders.  The  primary  septa  extend 
fully  a  third  of  the  total  width  of  the  corallum,  and  the  secondary 
are  minute  and  hardly  recognizable.  They  bend  at  their  inner 
ends,  and  become  attached  to  the  primary  septa,  and  each  is  united 
by  rectangular  interseptal  dissepiments.  The  longitudinal  section 
(Fig.  19b),  exhibits  the  circumscribed  tabula,  which  is  rendered 
more  or  less  disconnected  by  the  position  of  the  plate  that  is  seen 
to  extend  across  the  floor  of  the  calicular  fossa  in  the  transverse 
section.  The  fossula  is  large,  and  one  of  the  primary  septa,  of 
shorter  length,  extends  into  it;  and  the  two  neighbouring  septa  are 
seen  to  coalesce  at  their  inner  ends,  to  become  united  and  attached 
to  the  central  plate,  and  to  extend  over  the  tabulae. 

Height  of  corallum,  1  inch  G  lines;  diameter  of  calice,  3  lines. 

Formation. — Lower  carboniferous. 

Locality. — Found  in  Charleston  Quarry,  in  the  shale  that  over- 
lies the  thick  beds  of  limestone,  where  it  is  somewhat  plentiful. 

This  species  is  readily  dLstrnguished  from  all  the  other  species 
of  the  genus,  and  by  the  possession  of  characters  of  an  unusually 
distinct  kind.  The  central  plate  that  extends  across  the  superior 
face  of  the  tabulje  indicates  the  ti-ansitional  tendency  to  variation 
and  modification,  and  I  believe  that  other  forms  will  yet  be 
discovered  that  will  still  more  closely  unite  the  entire  series. 
It  aflbrds  me  no  mean  pleasure  to  dedicate  it  in  honour  of 
Professor  James  Dana,  the  eminent  American  naturalist,  the 
discoverer  of  the  genus. 

Calophyllum,    Sp.  ] 

Plate  v.,  Figs.  17  and  17a. 

Specific  C/uiracters. — Corallum  simple,  cylindro-conical,  and 
curved.    The  epitheca  is  thin,  and  there  are  broad  and  shallow 
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aimulations  of  growth.  The  septa  are  of  two  orders.  The 
primary  extend  inwards  to  near  the  centre  of  the  calicular  cavity, 
one  of  them  extends  partially  across  the  centre  of  the  central  area, 
and  there  is  one  that  extends  across  and  becomes  united  to  a 
septum  on  the  opposite  side,  and  all  rests  upon  the  superior  face 
of  the  tabulie.  The  secondary  septa  are  minute,  and  all  are  united 
by  interseptal  dissepiments,  which  are  more  or  less  angular.  The 
fossula  is  large,  and  extends  inwards  to  near  the  centre  of  the 
central  area,  and  the  two  septa  that  forms  its  lateral  walls  bend  at 
their  inner  ends,  and  become  united;  and  one  of  the  primary  septa, 
of  shoi-ter  length,  passes  inwards  for  two-thirds  of  its  length. 

Height  of  corallum,  1  inch  G  lines  ;  diameter  of  calice,  7  lines. 

Formation. — Lower  carboniferous. 

Locality. — Found  in  Roughwood,  Beith,  Ayrshire. 

This  species  exhibits  structural  details  of  an  unusually  marked 
character,  in  the  greater  extension  of  the  primary  septa  inwards 
towards  the  centre  of  the  central  area,  and  by  the  union  of  the  two 
septa  that  forms  the  lateral  walls  of  the  fossula,  which  is  one  of 
the  distinguishing  chai-acters  of  the  genus  Zaphrentis — characters 
which  did  induce  me  to  place  this  species  as  belonging  to  that 
genus.  Indeed,  it  was  only  after  tracing  the  transitional  characters 
of  the  group,  that  I  was  induced  to  place  it  amongst  the  varieties 
of  Galophyllum^  and  which  indicates,  in  a  marked  manner,  that  in 
this  genus  the  tendency  to  variation  is  well  demonstrated. 

Calophyllum.    Sp.  ? 

Plate  v.,  Figs.  14  and  14a. 

Specific  Characters, — Corallum  simple,  cylindro-conical,  and 
curved.  The  epitheca  is  stout,  and  there  aro  broad  and  shallow 
annulations  of  growth.  Tlie  calice  is  shallow,  and  exposes  a  broad 
flat  floor.  The  septa  ai'e  of  two  ordera,  and  ii-regular  in  their 
length.  The  primary  extent  inwards  for  fully  a  line  in 
length.  The  secondary  are  minute,  stout  at  their  base,  and 
pointed  near  the  apex,  and  united  by  sparse  interseptal  dissepi- 
ments. The  fossula  is  indistinct.  The  longitudinal  section 
exjjosed  the  sparse  broad  tabulsB,  and  the  vesicular  tissue  in  the 
peripheral  zone  is  indicated.  This  species  and  Calophyllum, 
Fig.  16a,  are  both  deeply  concave  at  the  inferior  extremity  of  the 
corallum,  and  broad,  indicating  that  the  ova  had  become  attached 
to  a  convex  body,  and  that  the  soft  plastic  ovum  had  folded  over, 
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and  conformed  the  basal  extremity  in  accordance  with  the  outline 
of  the  body  it  was  attached  to,  and  clearly  exemplifying  that 
variation  was  more  or  less  induced  by  external  conditions. 

Height  of  corallum,  2  inches;  diameter  of  calice,  10  lines. 

Formation, — Lower  carboniferous. 

Locality, — Found  at  Rough  wood,  Beith,  Ayrshire. 

This  species  approximates  closely  to  Calophyllum  (Fig.  15),  its 
nearest  ally.  It,  however,  diffei^  in  the  greater  development  of 
the  septal  system,  and  the  interseptal  dissepiments  are  more  fully 
represented,  and  in  the  greater  horizontality  of  the  tabulie.  Upon 
the  whole,  it  is  readily  distinguished  from  all  the  preceding  species, 
and  possesses  characters  which  are  nearly  related  to  the  genus 
Campophyllum  Murchisoni,  Edwards  and  Haime  (Plate  IX.,  Fig. 
9).  Indeed,  so  closely  do  this  species  approach  to  the  latter,  that 
I  regarded  it  as  a  young  specimen  of  the  foimer.  When,  however, 
I  began  to  trace  the  generic  relations  of  the  series  to  illustrate  my 
address,  I  found  that  it  was  one  of  a  group  whose  development 
could  be  traced  as  merging  by  infinitesimal  gradations,  and  indicated 
that  in  the  genus  Calophyllum  there  are  forms  which  merge  so 
closely  to  the  genus  Campophyllum  on  the  one  hand,  and  to  the 
genus  Zaphrentis  on  the  other,  that  it  becomes  difficult  to  define 
their  separate  and  distinct  relationships.  Indeed,  that  can  only  be 
done  by  the  examination  of  a  large  and  more  or  less  connected  series, 
which  induces  me  to  assert  that  we  have  in  these  transitional  forms 
illustrated  clearly  that  there  are  no  aberrant  groups,  that  they  are 
all  more  or  less  liable  to  modification,  and  that  in  this  genus  the 
structural  characters  are  seen  to  diverge  in  all  directions.  And 
from  the  fact  that  in  some  of  the  species  the  secondary  septa  are 
represented  by  pointed  granules,  which  induces  me  to  regard  such 
as  a  further  development  of  the  granular  tissue  found  in  Amplexus 
irregularis,  and  occupying  the  position  of  the  septa  in  more  highly- 
organized  forms,  and  which  may  be  tmced  merging  from  sioiple 
granules,  which,  with  further  development,  become  pointed,  and 
in  other  forms  may  be  traced  extending  inwards  in  varied  lengths, 
and  believe  that  such  transitional  tendencies  indicate  plainly  that 
modification  and  development  is  universally  stamped  upon  this 
great  division  of  the  fauna  of  the  carboniferous  system.  It  is  true 
of  this  as  of  all  the  other  groups,  there  are  intermediate  forms 
wanting — I  believe  not  absent  in  nature,  but  from  our  limited 
knowledge  of  the  fauna  and  stratigraphical  conditions  of  the  car- 
boniferous system,  they  have  not  yet  been  discovered.    But  if  those 
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intereffted,  and  if  otheni  who — instead  of  loading  the  literature  of 
the  science  with  erode  and  ill-digested  descriptions  of  fragmentary 
species,  which  lead  to  endless  confusion  and  blocks  the  onward 
wave  of  investigation — would  only  lend  their  aid,  we  would  soon 
perceive  that,  instead  of  a  fragment  here  and  a  species  there,  the 
great  Hcheme  of  creation  would  be  better  understood,  and  ihus  weld 
and  unite  the  scattered  links  of  the  chain  that  binds  and  unites 
the  simpler  forms  to  the  more  complex  and  more  highly-differen- 
tiated groups,  and  thus  aid  in  illustrating  that  there  has  been  an 
innate  tendency  to  modification  in  every  created  form. 

The  near  relation  and  transitional  tendency  in  the  genus  Calo- 
phyllum  to  merge  into  and  to  unite  in  the  simpler  species  of 
Zaphrentisy  implies  our  consideration  of  the  development  of  that 
genus.  I  may,  however,  state  that  the  few  species  selected  for  my 
illustrations  are  not  to  be  regarded  as  an  exliaustive  series.  They 
represent  centres  pronounced  in  their  chai-acter.  Many  other 
illustrations  could  have  been  added,  which  would  have  more  fully 
illuHtnitcd  the  true  character  of  the  genus. 

(jenus  Zapiibextis.    (Rafinesque  and  Clifford.) 

(Jetieric  Cliaracters. — Comllum  simple,  turbinate,  conical,  and 
cylindro-conical,  and  more  or  less  curved.  The  calice  is  deep, 
with  a  large  and  conspicuous  fossula,  and  formed  by  the  coalesence 
of  a  portion  of  the  septa,  which  at  their  inner  ends  fold  round 
and  form  its  walls.  The  septa  are  lamellar,  and  are  well  developed, 
extending  in  some  forms  to  the  centre,  while  in  others  a  portion 
of  them  stop  short.  They  then  coalesce  and  become  united,  and 
converge  to  the  centre  of  the  visceral  chamber;  whilst  in  the 
simple  and  passage  forms  of  Zapkreniia  and  the  more  highly- 
developed  forms  of  Calophyilum  the  septa  do  not  reach  the  centre 
of  tlie  visceral  chamber.  The  tabulae  are  conspicuous  and  variable, 
and  the  septa  are  more  or  less  prolonged  over  their  superior 
surface.  The  iuterseptal  loculte  are  filled  up  towards  the  outer 
margins  of  tiie  corallum  by  remote  convex  dissepiments,  and  the 
tabula;  fall  short  of  the  circumference  of  the  corallum,  and  rest 
upon  the  interseptal  dissepiments,  and  generally  have  a  downward 
curvature  near  the  circumference;  and  this  is  usually  more 
apparent  in  the  ventral  side  of  the  corallum.  The  general  form  of 
Zapkreniia  is  variable.  Some  are  turbinate,  and  attain  a 
moderately  large  size,  whilst  others  are  very  small.    The  epitheca 
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is  variable;  in  some  species  it  is  stout,  whilst  iii  others  it  is  thin, 
and  is  usually  marked  with  accretion  ridges  and  fine  encircling 
lines  of  growth.  The  calice  is  deep,  and  its  upper  margin  thin, 
and  there  is  always  a  deep  fossula.  The  most  characteristic 
feature  of  the  fossula,  however,  is  the  fact  that  it  is  formed  by  the 
coalescence  of  a  greater  or  less  number  of  the  septa,  wliich  unite 
at  their  inner  ends,  fold  round,  and  form  its  walls. 

Upon  the  whole,  the  genus  ZaphrentiSy  as  illusti-ated  by  the 
specimens  found  in  Scotland,  may  be  readily  recognized  by  the 
complete,  or  comparatively  complete,  development  of  the  tabulata 
system.  The  irregular  development  of  the  tabulae,  as  presented  in 
the  longitudinal  sections,  and  the  existence  of  a  large  and  con- 
spicuous fossula,  and  the  septa  fold  round  and  form  its  walls, 
and  may  be  therefore  regarded  as  an  intermediate  group  between 
Ampleocics  on  the  one  hand  and  Calophyllum  Danai  on  the  other. 
And  the  more  dense  varieties  have  a  close  relation  to  the  genus 
Bensiphi/Ilum  Dyhowskei,  and  in  certain  of  the  varieties  there  is 
indicated  a  central  cellular  tissue,  which  is  the  distinguishing 
character  of  the  genus  Centrecelulosum.  It  is  separated  from 
Amplexns  by  the  greater  development  of  the  septal  system.  In 
the  latter  there  are  no  secondary  septa,  and  the  primary  septa 
extends  for  a  limited  extent  into  the  visceral  chamber,  and  are 
usually  of  greatly  shorter  length;  and  the  rudimentary  develop- 
ment of  the  interseptal  dissepiments  in  the  more  complete  forms, 
and  the  greater  development  of  the  tabulw,  which  extend  from 
side  to  side  across  the  entire  width  of  the  corallum ;  and  from 
Calophyllum,  from  the  fact  that  in  the  latter  the  septa  never 
extend  into  the  centre  of  the  central  area,  and  the  fossula  is  never 
so  largely  developed,  and  in  only  one  species  of  the  latter  do  the 
septa  forming  the  lateral  walls  of  the  fossula  indicate  union  at  the 
inner  boundary;  and  from  DensiphyUuniy  from  the  fact  that  in 
the  latter  the  septa  always  converge,  and  unite  in  the  centre  of 
the  visceral  cavity,  and  the  interseptal  dissepiments  are  numerously 
represented.  It  will  thus  be  apparent  that  the  genus  Zaphrentis 
forms  a  distinct  central  grouj),  in  which  there  are  species  which 
diverge  from  and  merge  into  forms  which  are  more  or  less 
remotely  connected,  and  clearly  illustrates  the  principle  that 
differentiation  is  innate,  and  that  development  and  transitional 
relations  are  universal.  I  shall  now  briefly  refer  to  structural 
characteristics  of  the  group  for  fuller  details.  I  beg  to  refer  to 
the  Proceedhigs  of  the  Society  for  1881. 


ZaphrerUU  inlermsdid.    i  Koninek.  t 

Plate  VL.  Figi.  1  and  U. 

The  caliee  u  deep,  and  the  sepu  su^  sliGrt  of  die  centre  of  tiie 
viMeend  chamber.  The  fossula  is  Urge,  and  the  septa  do  not  fold 
rfj^iwi  at  their  inner  margins,  and  form  its  wmll&  It  wiU  thm  be 
s^yparent  that  in  thiii  species  we  hare  a  passage  form,  which  poHBRss 
eharacters  that  may  be  said  to  be  transitioiial  between  tiie  genus 
AmpUxuM  on  the  one  hand,  hy  the  tact  that  the  septa  short  ai 
the  centre,  and  exposes  a  large  tabulate  area  in  the  centre  of  its 
floor;  and  on  the  other  hand  it  is  closely  related  to  the  genus 
CalaphyUum,  in  the  possession  of  minute  secondary  8q>ta,  and  the 
sejftal  foMiula  is  more  pronounced  than  is  usually  found  in 
Aiaplexu$.  It,  however,  possessed  characters  sufficiently  zaphren- 
toidal  to  warrant  the  eminent  author  to  regard  it  as  an  intermediate 
fonii . 

ZaphrerUis  cyathina.    ( K <  »n iiick. ) 

Plate  VI.,  Figs.  2  and  2a. 

The  calice  is  circular,  and  moderately  deep.  The  septa  are  of 
two  orders,  and  lamellar,  and  converge  inwards,  and  on  the  latro- 
ventral  Hide  they  gently  fold  round  the  inner  end  of  the  fossula, 
and  form  its  walls,  in  this  form  there  is  a  further  extension  of 
itH  septa  inwards,  and  the  slight  bending  inwards  to  the  wall  of 
the  fossula  indicate  that  the  zaphrental  characters  are  more 
pronounced. 

Zaphrentis  amphitheca.  (Thomson.) 
Plate  VI.,  Figs.  5  and  oa. 

The  calice  is  circular,  and  moderately  deep.  The  septa  are 
lamellar,  and  at  their  inner  ends  the  lamellae  curve  round  the 
inner  ends  of  the  interseptal  spaces,  and  bend  inwards  and  form 
the  lamellae  of  the  neighbouring  septum,  repi-esenting  a  series 
of  deep  convolutions  :  and  the  interlamellar  spaces  are  open  at 
their  outer  extremities,  leaving  an  open  free  conununication  with 
the  interthecal  space,  and  presenting  the  form  of  a  double  wall. 

This  remarkable  species  differs  so  widely  from  all  the  other 
species  of  the  genus,  in  the  possession  of  the  double  wall  and  the 
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vertical  plates  in  the  interthecal  space,  that  I  did  regard  it  as 
possessing  characters  of  generic  distinction ;  but  the  deep  fossula, 
and  the  fact  that  the  inner  ends  of  the  septa  fold  round  and  form 
its  walls,  as  in  Zaphrentis  proper — which  I  believe  to  be  the 
character  of  primary  im|X)rtance  in  the  definition  of  the  genus 
Zaphrentis — allied  it  so  closely  that  I  was  induced  to  abandon 
the  creation  of  a  new  genus  for  it  and  allied  forms ;  and  therefore 
I  regarded  the  double  wall  as  only  sufficiently  distinct  for  the 
specific  name,  and  think  it  may  be  regarded  as  a  transitional 
passage  from  this  into  a  group  which,  with  further  discoveries, 
may  form  an  interesting  connection  between  the  genus  Zaphrentis 
and  a  genus  yet  to  be  established. 

Zaphrentis  Edioardsiana.  (Koninck.) 
Plate  VI.,  Fig.  9. 

Represents  a  transverse  section  of  a  large  specimen  of  this 
s|3ecies  in  which  the  calice  is  circular  and  shallow.  The  septa  are 
of  two  orders,  and  lamellar,  short  on  the  dorsal  side  of  the  corallum, 
and  extend  iiiward  for  two  lines  over  the  upper  face  of  the  tabula, 
and  on  the  ventral  side  they  extend  into  the  centre,  coalesce,  and 
form  the  walls  of  the  fossula.  The  secondary  septa  are  short, 
and  not  more  than  a  third  of  a  line  in  length,  and  the  interseptal 
dissepiments  are  few  in  number,  thus  presenting  characters  of  an 
extremely  interesting  nature,  and  exhibiting  structural  details 
which  belong  to  the  genus  CaJoj)hyUum^  in  the  possession  of  short 
primary  septa  on  the  dorsal  side,  and  the  minute  secondary  septa  ; 
while  on  the  ventral  side  a  portion  of  the  septa  extend  inwards  to 
the  centre  of  the  calicular  cavity,  and  fold  round  and  form  the 
walls  of  the  calicular  fossula — the  distinguishing  character  of 
Zaphrentis — and  thus  present  dimoi-phic  structural  details,  which 
clearly  indicate  the  innate  tendency  to  variation. 

Zaphrentis  Gxierangeri.    (Edwards  and  Hainie. ) 

Plate  VI.,  Fig.  13. 

Represents  a  transverse  section  of  a  large  sjiecimen  of  this  genus, 
in  which  it  will  be  observed  that  the  wall  is  veiy  stout  and  the 
septa  of  two  orders.    The  primary  septa  have  a  near  relation  to 


cHa  7<mt:rai  ^iiie  of  die  ^nrannin,  -^rocEFe  a.  pacoiHi  aoiti  mnui  smi 
i^>rm  riie  walla  of  dm  &>flAiiIii«  ami  die  meandmrj  saotaL  are  ^anilj 
rf^j't^ixaihif:,  Tlitxa,  whik^  dier^  la  a  oonffiiifflcaaie  exaax^BL  izLwsr^ 
of  du^  iwt^cal  %7<)t«ixu  jen  diere  ia  die  tHznorpiiii:  eniiraeGer  pro- 
rwvnTU^ui,  whii^h  izuiicasefl  xint  oiilj  die  oansLsaiuiI  craitpnry  of  me 
jp-onp,  Kfit  a  morft  hi«iiiy-deveiop€d  ijaxan. 

Zapkrmiis  Bo¥serhmki,    ( Edwaztk  and  HaimeL  > 
Plate  VI..  Fut  .1 

In  whi^  th«  .^tai  sjstem  k  fiisdngiciabed  by  tke  gica&ei 
^t«niar»n  tnwarda,  and  a  portioii  of  tiieni  are  mxsed  at  ^bt  isxMr 
^rrwl^i  art/)  on  r  h^  rentral  .%ide  :  w^hiie  a  portitm  amLeKCv  feld  rovsd. 
ar»/i  form  rh#^  walln  of  the  large  fbasala.  indieacine  a  fartker 
fUf7^\r^^ment  fA  the  structnial  d**ta03. 

Zaphrentis  9jnnydo9a.    /Edwards  and  Haime) 

K^/r^^MTitu  a  transrer^  section,  in  which  the  septa  do  not  readi 
ihf,  c^tre  fd  the  ri<iceral  chamber,  and  the  centre  is  occupied  with 
fl;it  fjibTjJpr'.  The  wepta  are  of  two  orders,  and  the  secdidarT  septa 
ttff'  in  the  form  of  minute  denticles,  and  thus  exhibit  structural 
chfifficUirii  which  have  a  close  relation  to  the  more  highly-developed 

Zaphrentu  Oriffithi.    (Edwards  and  Haime). 
Platfi  VI..  Fig.  4. 

In  thiH  HpecicH  a  large  portion  of  the  primary  septa  extends 
inwardH  to  the  centre  of  the  central  area,  and  the  secondary  septa 
are  hardly  recognizable.  The  fossula  is  large,  and  a  portion  of  the 
H/'j»ta  foalesce  and  form  its  walls. 

Zaphrentis  CHffordana.    (Edwards  and  Haime.) 

Plate  VI.,  Fig.  15. 

'Hio  wptal  system  is  more  fully  developed,  and  a  larger  propor- 
tion of  them  extends  into  the  centre  of  the  calicular  fossa.  The 
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fossula  is  large,  and  its  zaphreiital  character  is  not  so  pronounced, 
and  may  be  regarded  as  dimorphic,  but  in  which  the  structural 
character  appears  in  a  gi-eater  proportion  than  it  exhibits  of  the 
Calophyllum  type.  The  latter  structural  details  are  all  but 
obsolete,  and  in  none  of  the  forms  represented  do  we  further  find 
any  of  the  characteristics  of  the  latter  genus. 

Zaphrentia  centralis.    (Edwards  and  Haime.) 

Plate  VI.,  Fig.  8. 

Represents  a  transveree  section,  in  which  a  portion  of  the  septa 
unite  in  a  fasciculate  grouj^,  and  at  their  inner  ends  they  are  united 
by  delicate  plates,  which  converge,  and  meet  in  the  centre  of  the 
calicular  cavity,  and  the  fossula  extend  into  the  centre  of  the 
central  area.  In  this  species  there  is  an  increased  extension 
inwards  of  the  septal  system,  and  its  zaphrental  characters  are 
clearly  pronounced. 

Zaphrentis  vermicular  is.  (Koninck.) 

Plate  VI.,  Fig.  14. 

Represents  a  transverse  section  of  an  interesting  small  species, 
and  may  be  regarded  as  aberrant  in  its  structural  characters.  It 
is  grouped  by  the  eminent  and  accurate  observer  as  belonging  to 
the  genus  Zaphrentis,  but,  if  carefully  compared,  it  will  be  observed 
that  it  possesses  characters  which  unite  it  with  Calophyllum  Danai 
(Plate  v.,  Fig.  19)  in  the  possession  of  three  delicate  plates,  which 
extend  across  the  central  area.  It  differs,  however,  from  the 
latter  species  by  the  fact  that  there  are  three  central  plates,  while 
in  Calo.  Danai  there  is  only  one  that  extends  across  the  face  of 
the  tabula,  and  thus  clearly  shows  that,  with  further  development 
and  the  innate  tendency  to  transition,  there  is  a  constant  and 
l)ersistent  tendency  to  variation. 

Zaphrentis  patula.  (Michelin.) 

Plate  VI.,  Figs.  10,  12,  and  12a. 

Represents  sections  made  at  three  different  parts  of  the  same 
corallum.    Fig.  1 0  is  a  transverse  section,  taken  from  the  base  of 
Vol.  XIV.  2  r 
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the  calicular  cavity,  showing  only  the  upper  portions  of  the  septa 
I'esting  upon  the  tabulae.  Figs.  12  and  12a  show  their  union 
with  the  tabulae,  and  thus  accounts  for  the  structural  differences 
that  are  apparent  in  the  sections.  In  all  the  septal  system  is 
seen  to  extend  inwards  to  the  centre  of  the  calicular  fossa;  and  in 
Fig.  1 2  there  is  presented  a  more  or  less  vesicular  tissue,  arising 
from  the  section  passing  through  the  base  of  the  irregular  tabulae, 
and  thus  giving  a  somewhat  vesicular  aspect.  The  secondary 
septa  are  minute,  and,  on  the  whole,  this  species  may  be  regarded 
as  an  excellent  example  of  the  genus  Zaphrentis. 

Zaphrenils  Phillipsi.    (Edwards  and  Haime.) 

Plate  Vf.,  Fig.  10. 

Hepi'esents  a  transverse  section  of  a  small  species  in  which  the 
septa  is  delicate,  and  converges  into  the  centre,  the  fossula  being 
large,  and  the  interseptal  dissepiments  more  numerous,  and  is 
altogether  a  typical  example  of  the  genus  Zaphrentis. 

Zaphrentis.  (Sp.)? 

Plate  VI  ,  Fig.  19. 

Is  a  transverse  section  of  a  variety  which  has  a  near  relation  to 
Zaph.  echinatis  (of  Thomson).  It,  however,  differa  from  that 
species  in  the  septal  system  being  more  fully  developed,  and  they 
extend  into  the  centre  of  the  corallum,  and  the  interseptal  dis- 
sepiments are  more  fully  developed.  The  septal  fossula  is  large, 
and  extends  into  the  centre  of  the  calicular  cavity,  and,  on  the 
whole,  this  species  exhibits  structural  details  more  fully  developed 
than  is  found  in  any  of  the  preceding  species,  and  may  be  regarded 
as  an  intermediate  species  between  Zaphrentis  on  the  one  hand, 
and  Denaiphyllum  Dyhowskei  on  the  other,  and  thus  forms  another 
of  the  transition  varieties,  which,  with  further  development,  be- 
come pronounced  in  their  character. 

Zaphrejitis  Omalinsi.    (Edwards  and  Haime.) 

Plate  VI.,  Fig8.  11  and  11a. 

Fig.  1 1  represents  a  transverse  section  of  a  species  in  which  the 
epitheca  is  stout,  and  the  se]>tal  system  converges  to  near  the 
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centre  of  the  corallum,  and  at  their  inner  ends  are  united  to  a 
central  cell.  Tlie  septa  are  of  two  orders,  and  the  secondary  septa 
are  minute  and  hardly  recognisable.  The  fossula  is  large  and 
extends  inwards,  and  is  bounded  at  its  inner  extremity  by  the 
central  cell.  Therefore,  while  the  zaphi*ental  characters  are  pro- 
nounced, yet  the  central  cell  indicates  a  transitional  tendency  into 
groups  in  which  the  central  area  is  occupied  by  a  system  of  cells, 
to  which  the  septa  are  united  at  their  inner  ends,  and  therefore, 
with  further  development,  is  regarded  to  have  generic  distinction. 

Zaphrentis  tuberculata.  (Tliomsoii.) 
Plate  VL,  Figs.  17  and  17a. 

Represents  another  variety,  in  which  the  cellular  tissue  in  the 
centre  of  the  corallum  is  still  more  pronounced,  and  indicates 
that  the  structural  details  have  now  the  dimorphic  condition, 
and  may  be  regarded  as  an  inteimediate  species  which,  while  the 
zaphrental  characters  are  represented,  yet  the  cellular  tissue  in  the 
centre  presents  a  passage  condition,  and  thus  have  near  relationships 
to  Zaphrentis  on  the  one  side,  and  which,  with  further  development, 
merges  into  another  group,  which  will  fall  to  be  considered  as  a 
new  genus  to  be  designated  CentrocelluUum. 

While  the  typical  species  of  Zaphrentis  possesses  characters 
which  clearly  separate  the  genus  from  all  the  other  groups  of  the 
system,  yet,  from  the  structural  details,  as  indicated  in  the  species 
selected  for  my  illustration,  it  will  be  apparent  that  amongst 
those  forms  that  have  been  regarded  by  their  eminent  authors  as 
possessing  structural  characters  which  warmnted  them  to  place 
them  as  belonging  to  the  genus  Zaphrentis,  there  are  several 
which  exhibit  dimorphic  tendencies,  in  which  there  are  structural 
details  that  truly  indicate  transitional  conditions,  and  which  may 
be  regarded  as  diverging  in  all  directions,  and  may  be  summarized 
as  follows: — 

(1)  Zaphrentis  intermedia^  by  its  more  highly  developed 
organization,  indicates  not  only  its  relation  to  the  genus  Amplexiis, 
but  the  transitional  tendency  from  the  latter  into  the  zaphrental 
type,  and  has  a  close  relation  to  the  genus  Calophyllum  in  the 
possession  of  minute  secondary  septa,  and  the  fossula  is  more  pro- 
nounced in  its  character  than  is  found  in  Amplexus,  and  therefore 
it  may  be  said  to  be  more  or  less  trimorphic  in  its  cliaracter. 
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(2)  Fig.  2 — Za/phrentia  cyathina — has  the  zaphrental  type 
more  fully  developed,  but  indicates  relationships  with  the  genus 
Calophyllum, 

(3)  Fig.  9.  Z(vph.  Edwardsiana,  In  this  species  the  relation- 
ship to  the  genus  Calophyllum  is  clearly  indicated  on  the  dorsal 
side  of  the  comllum,  by  the  presence  of  the  short  septa  resting 
upon  the  superior  face  of  the  tabula?,  wliile  on  the  ventral  side 
the  septa  converge  inwards  to  the  centre,  fold  round,  and  fomi 
the  walls  of  the  calicular  fossula,  and  is  therefore  dimorphic. 

(4)  Fig.  15 — Zaph,  Cliffoixlini — in  which  the  septal  system  is 
more  fully  developed.  The  fossula  is  large.  In  this  species, 
however,  there  is  a  relationship  to  the  genus  Calaphylhun,  although 
not  so  pronounced  as  in  the  preceding. 

(5)  Fig.  13.  Zaph.  Guerangeri.  In  this  species  there  is  a  further 
development  of  the  zaphrental  characters  on  the  ventral  side, 
while  the  dorsal  side  of  the  corallum  the  calophylloid  characters 
are  represented,  but  less  pronounced. 

(6)  Fig.  3.  Zaph.  Bowerhanki.  The  sti-uctural  characters  are 
more  fully  developed,  and  may  be  regarded  as  possessing  the 
zaphrentoid  type,  and  the  relationship  to  the  genus  is  pronoim.ced. 

(7)  Figs.  4,  6,  10,  12,  and  IG.  These  species  all  represent  the 
structural  characters  which  clearly  establish  them  as  being  central 
types  of  the  genus  Zaphrentis.  There  might  have  been  sections  of 
other  species  which  I  miglit  have  included,  but  hope  these  will 
suffice  to  illustrate  what  may  be  regarded  as  typical  s})ecies  of  the 
genus ;  and  from  a  careful  comparison  of  these,  with  those  forms 
in  which  there  is  indicated  transitional  conditions,  there  is  a 
more  or  less  pronounced  relationship,  which  clearly  show  an 
innate  tendency  to  variation. 

(8)  Fig.  14.  Zaph.  vermicularis.  The  principal  structural 
characters  of  this  little  species  are  zaphrentoidal.  In  the  central 
area,  however,  thei*e  are  transverse  plates  which  indicate  not 
only  a  relationship  to  Calophyllum  Banai,  but  also  illustrate  how 
univei'sally  the  transitional  tendency  is  innate.  In  Calophyllum 
Danai  there  is  only  one  plate  extending  across  the  central  area, 
while  in  this  species  there  are  three,  which,  with  further  develop- 
ment and  modification,  would  merge  into  a  distinct  and  separate 
group,  for  which  a  new  genus  would  (and  I  believe  will)  be  created 
for  their  reception. 

(9)  Fig.  8.  Zaph.  centralis.  In  this  species  thei-e  is  I'epresented 
many  of  the  structural  characters  of  the  genus  Zaphrentis.  In 
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the  central  area,  however,  there  are  a  series  of  delicate  plates, 
which  converge  more  or  less  to  the  centre  of  the  central  area, 
structural  details  which  properly  belong  to  more  highly-organized 
genera,  and  may  be  regarded  as  foreshadowing,  and  with  further 
development  would  merge  into,  and  thus  unite  through  this 
transitional  species,  those  genera  which  Professor  Agassiz 
regarded  as  belonging  to  the  Hydrozoa^  to  those  genera  in  which 
the  lamellae  are  largely  developed,  and  which  pro^^erly  belong  to 
the  Aetinozoa.  Indeed,  I  again  venture  to  assert  that  forms  will 
yet  be  discovered  in  which  the  transitional  characters  Avill  be 
clearly  traced,  and  the  relationships  fully  established. 

(10)  Fig.  5.  Zai^h,  arnphWteca.  In  this  species  there  are 
characters  of  a  remarkable  kind.  The  zaphrentoidal  type  is 
somewhat  pronounced.  But  there  are  other  charactei*s  which 
clearly  indicate  a  transitional  tendency  of  a  very  marked  nature, 
in  the  possession  of  the  double  wall,  and  the  lamella)  of  the  septa 
folding  round  in  opposite  directions,  ii  continuation  of  wliich  form 
the  lamella  of  the  neighbouring  septa — characters  which,  when 
our  knowledge  of  these  organic  remains  is  more  complete,  will 
warrant  palaeontologists  in  removing  this  species  from  the  genus 
Zaphrentisy  and  the  creation  of  a  new  genus  for  the  reception  of 
this,  and  species  yet  to  be  discovered. 

From  the  foregoing  observations,  I  venture  to  say  that  in  this 
genus  there  is  indicated  transitional  characters  of  a  marked  nature. 
While  the  genus  Zaphrentis  possesses  structural  details  that  are 
very  pronounced,  and  show  clearly  that  as  a  genus  it  is  separated, 
and  may  be  readily  distinguished  from  all  the  other  genera  of 
coralline  remains  found  in  the  carboniferous  system,  yet  from 
the  transitional  tendencies  pointed  out  as  belonging  to  a  number 
of  the  species,  we  have  clearly  indicated  in  this  genus  that  there 
are  polymorphic  charactei-s  that  warrant  us  in  assuming  that 
development  and  transition  is  not  only  present  but  is  of  a  varied 
description.  And  if  I  might  be  permitted  to  assert,  the  known  in 
this  group  of  organic  remains  leads  us  to  realize  how  little  we  do 
know,  and  how  much  there  is  to  be  discovered  before  we  can  even 
approximately  understand  their  true  relationships. 

There  is  a  genus  which  is  represented  by  one  species — i.e., 
Cyathopsis  comurboms  Michelini — which  calls  for  special  con- 
sideration, not  only  from  its  isolation  as  a  single  form,  but  it 
possessing  characters  of  an  unusually  distinct  nature. 
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Cyathopsis  cornu-bovis.  (Mich.) 
Plate  v.,  Figs.  21  and  21a. 

Generic  Cltaracter^. — Coral) um  simple,  cylindro- conical,  and 
curved.  The  epitheca  is  stout,  and  marked  with  longitudinal 
lines  and  annulations  of  growth.  The  calice  is  moderately  deep, 
and  the  floor  is  occupied  with  tabulse,  and  there  is  a  minute 
elongate  plate  in  its  centre.  The  septa  are  of  two  orders — the 
primary  extend  inwards  to  near  the  centre,  and  the  secondary  are 
hardly  recognizahle.  The  interseptal  dissepiments  are  spai*se ;  the 
septal  fossula  is  indistinct. 

This  isolated  specimen  may  be  said  to  possess  chai*actei*s  that 
point  to  relationships  in  two  directions.  The  septal  system  is 
more  nearly  allied  to  the  characteristic  arrangement  of  the  septa 
of  CaUyphyllum  than  to  any  other  genus  that  I  am  acquainted 
with,  by  the  fact  that  their  extension  inwards  is  along  the  face 
of  tabulie,  and  there  is  no  circumferential  zone  of  interseptal  dis- 
sepiments in  the  interseptal  loculi.  It,  however,  difFei*s  from  that 
genus  by  the  possession  of  the  plate  in  the  centre  of  the  tabula; 
— a  characteristic  which,  although  singular,  yet  may  be  regai-ded 
as  a  transitional  form  between  the  simple  tabulate  forms  and 
those  groups  in  whicli  the  columella  is  developed,  and  which  has 
been  i*egarded  as  of  generic  distinction.  In  the  absence  of  other 
species,  I  merely  desire  to  note  its  place  and  position,  and  with 
our  present  knowledge  (provisionally)  can  only  regard  it  as  one  of 
a  series  which  forms  a  connecting  link  between  the  tabulate  forms 
of  Calophyllum  and  those  genera  in  which  the  columellarian  line 
is  of  generic  importance,  and  thus  forcibly  illustrating  the  endemic 
tendency  to  variation,  which,  with  further  development,  merge 
and  unite  genera  of  divei*se  chai*acters. 

The  next  group  which  tails  to  be  considered  is  the  genus 
Campophyllum  (Edwards  and  Hainie).  When  referring  to  the 
structural  characters  of  the  genus  Calophyllum  Daiiai,  1  pointed 
out  that  there  was  an  intimate  relation  between  the  latter  and  the 
genus  Campophyllum  (Edwards  and  Haime),  and  that  the  genus 
Calophyllum  was  characterized  by  the  fact  that  the  septa  extends 
uninteriiiptedly  from  the  wall  inwards,  and  stops  short  of  the 
central  area,  and  there  was  a  porportionate  increase  or  diminu- 
tion ill  the  (exposure  of  the  tabula?  in  the  lioor  of  the  calicular 
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fossa,  in  direct  rntio  yvith  the  increase  or  diminution  of  the  septal 
system. 

As  regards  the  classiiicatory  position  of  the  genus  Campophylluvi^ 
as  formerly  remarked,  I  had  great  doubts  as  to  the  propriety  of 
retaining  that  genus  as  belonging  to  the  fauna  of  the  carboniferous 
system.  Since  I  began  the  preparation  of  my  address,  I  have 
carefully  compared  the  structural  chai-actera  of  each  of  those 
genera,  and  have  decided  that  the  genus  Campophyllum  may  be 
regarded  as  an  intermediate  group  between  the  genus  Calophyllum 
on  the  one  hand,  and  the  genus  Cyatliophyllum  on  the  other, 
which  will  include  a  number  of  species  that  have  Ijcen  grouped  in 
the  genus  Cyatliophyllum.  The  latter  genus,  however,  was 
established  for  the  reception  of  a  group  whose  septal  system 
converged  inwards  to  the  centre  of  the  corallum,  iind  were  bent  at 
their  inner  ends,  and  formed  a  pseudo-columella,  and  therefore 
cannot  include  those  forms  in  which  the  floor  of  the  culice  is 
exposed  in  a  more  or  less  hvo&d  tabulate  area. 

Genus  Campophyllum,    (Edwards  and  Haime.) 

Generic  CJutracters. — Corallum  simple,  and  some  forms  merge 
into  compound  communities.  Calice  moderately  deep.  Tabulae 
well  developed,  and  extends  over  a  large  central  area,  and  never 
reach  the  inner  surface  of  the  theca.  Outside  the  tabulate  area 
there  is  a  zone  of  vesicular  tissue,  of  varied  extent.  The  septa 
are  short,  and  never  extend  to  the  centre,  and  exposes  the  tabula 
in  the  broad  median  space.  In  the  peripheral  zone  the  interseptal 
loculi  are  occupied  by  a  system  of  dissepiments.  The  septa  are  of 
two  orders. 

As  I  have  formerly  remarked,  the  genus  Campophyllum  may  be 
i-egarded  as  intermediate  between  Calophyllum  and  the  genus 
Cyathophyllum.  In  the  genus  Calophyllum  the  septal  system 
converges  from  the  theca  more  or  less  inwards,  and  there  is  no 
vesicular  tisBue  around  the  peripheral  zone,  and  the  tabulte  aro 
irregular  and  sparse,  while  in  Campophyllum  the  tabulae  are  more 
numerous.  In  Campophyllum  Murchiaoni  (Edwards  and  Haime), 
Plate  VII.,  Fig.  9,  the  interseptal  loculi  are  occupied  externally  by 
fine  dissepiments,  which  give  rise  to  a  peripheral  zone  of  vesicular 
tissue,  which  is  more  or  less  dense  in  the  different  species,  and  in 
a  longitudinal  section  are  convex — convexity  inwards,  and  point- 
ing upwards — and  arranged  in  oblique  rows;  and  the  septa  never 
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extend  to  the  centre  of  the  calicular  cavity.  From  the  typical 
Cyathophyllum^  again,  the  genus  is  sepamted  by  the  much  less 
highly-developed  condition  of  the  septa  and  the  exposure  of  the 
tabulae  over  a  large  central  area. 

As  defined  by  Edwards  and  Haimc,  the  genus  CampophyUum 
contained  only  one  species  of  a  simple  coral.  If,  however,  we 
remove  such  species  as  CyatJiophyllum  paracida  (M*Coy)  from  its 
present  genus,  and  grouping  it  with  CampophyUum^  as  suggested 
by  M.  Edwards  and  Haime  (Pol.  Foss.  des  Terr.  Pal.,  p,  365),  the 
reason  for  such  a  change  is  that  the  septa  in  this  and  allied 
species  never  reach  the  centre  of  the  calicular  fossa,  but  always 
leave  a  portion  of  the  tabulce  exposed ;  whereas  in  the  typical 
Cyathophylla  the  septa  meet  in  the  centre.  In  adopting  this 
rearrangement,  then,  CampophyUum  will  contain  compound  as 
well  as  simple  forms,  and  will  thus  merge  and  unite  those  forms 
which  Agassiz  regarded  as  belonging  to  the  HydroidSy  with  the 
groups  which  are  regarded  as  belonging  to  the  Zoantharia  rugosa. 
If  these  changes  are  accepted,  and  I  see  no  valid  reason  why  they 
should  not,  wc  will  thus  have  presented  to  us  a  deep  organic  bond 
— a  bond  that  is  innate — which  produces  species  not  only  like 
each  other,  but  also  varieties  that  are  nearly  alike,  and  those 
forms  that  are  dissimilar  indicate  that  modification  is  inherent, 
and  is  more  or  less  affected  by  the  surrounding  physical  conditions, 
and  that  variation  is,  to  a  considerable  extent,  influenced  by  the 
organisms  being  brought  into  new  relationships. 

In  summarising  the  characteristic  of  the  species,  I  will  first 
describe  the  specific  characters  of  the  type  of  the  genus,  and  after- 
wards briefly  refer  to  the  points  in  which  the  diffei*ent  species 
difter. 

CampophyUum  Murchisoni.    (Edwards  and  Haime.) 
Plate  VII.,  Fijr.  9. 

Specific  Characters. — Corallum  simple,  tall,  cylindro-conical,  and 
curved.  The  epitheca  is  thin,  and  marked  with  encircling  lines 
and  shallow  amiulations  of  growth.  The  calice  is  moderately  deep, 
and  its  floor  is  occupied  with  broad  flat  tabuhv.  The  septa  ai*e  of 
two  ordera.  The  primary  extend  inwards  for  2i  lines,  and  rest 
upon  the  tabulie.  The  secondary  septa  are  small,  and  each  are 
delicate  around  the  peiipheral  zone.  They  becouie  stout  and  united 
by  u  stout  circumferential  band;  they  then  become  sepamted  and 
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extend  inwards,  and  are  thin  and  pointed  at  their  inner  ends. 
Around  the  ])eripheral  zone  there  is  a  system  of  vesicular  tissue 
occupying  the  interseptal  loculi,  "vvhich,  in  a  longitudinal  section, 
are  convex  —  convexity  inwards,  and  pointing  upwards  —  and 
an-anged  in  oblique  rows.  The  fossula  is  large,  and  formed  by  an 
elongated  depression  on  the  superior  face  of  the  tabulse,  and  three 
primary  septa,  of  shoii;er  length  than  the  othei-s,  extend  into  it. 

Height  of  corallum,  7  inches;  diameter  of  calice,  1  inch  3  lines. 

Formation, — Lower  carboniferous. 

Locality, — Found  at  Durnish,  County  Limerick,  Ireland.  I 
have  this  species  from  Scottish  strata,  but  have  not  yet  got  it 
engraved  for  publication. 

Campophyllum,    Sp.  ? 
Plate  VII.,  Fig.  5. 

Represents  a  species  in  which  the  septa  are  delicate,  and  the 
interseptal  dissepiments  are  more  numerous.  The  calice  is  bisected, 
and  indicating  the  lirst  appearance  of  fissiparous  development  by 
the  presence  of  a  septum  on  each  side.  At  the  bisected  part  of 
the  corallum,  extendmg  considerably  further  inwards,  there  are 
several  vesicles  along  the  inside,  each  foreshadowing  a  continuation 
of  the  septa  around  each  bisected  coi-allum.  The  fossula  is  large, 
and  indicated  by  a  depression  on  the  face  of  the  tabula,  and  three 
of  the  primary  septa,  of  shorter  length  than  the  others,  extend  into 
it  The  tabula*  are  numerous,  and  exposed  in  the  floor  of  the 
broad  flat  median  arca,  and  rest  upon  the  interseptal  dissepiments. 

Height  of  corallum,  1|  inch.;  diameter  at  the  broadest  part, 
10  lines. 

Figure  8  represents  a  young  variety  of  the  same  species,  in  which 
the  lissiparity  is  further  developed,  and  in  one  of  the  corallites 
there  is  a  central  median  plate,  indicating  the  development  of  a 
columella. 

Height  of  coi-allum,  1  inch;  diameter,  4  lines. 
Formation, — Lower  carboniferous. 

Zoca/%.— Found  at  Brockley,  Lesmahagow,  Lanarkshire. 

Campophyllufn  cylindnca.  (Scouler.) 

Plato  VU.,  Fig.  11. 

In  this  species  the  septa  are  considerably  more  developed,  and 
in  two  orders.    The  primary  extend  inwards  for  Gh  lines  on  the 
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doi-sal  side,  and  3i  lilies  on  the  ventral  side  of  the  coralluni.  The 
intei-septal  dissepiments  are  largely  increased  in  number.  The 
tabulse  are  numerous,  and  rest  upon  the  inner  margin  of  the  inter- 
septal  dissepiments.  The  calice  is  deep,  and  its  floor  is  occupied 
by  broad  flat  tabulae.  The  calice  is  large,  formed  by  a  depression 
on  the  superior  face  of  the  tabula,  and  two  of  the  primary  septa, 
of  shorter  length,  extend  into  it.    This  species  is  always  simpla 

Campophyllum.    ( Sp. )  ? 
Plate  VII.,  Fig.  0. 

In  this  variety  the  septa  are  of  two  orders.  The  primary  extend 
inwards  for  nearly  a  third  of  the  total  diameter  of  the  corallum,  and 
the  secondary  septa  extend  inwards  for  two-thirds  of  the  length  of 
the  primary ;  and  the  interseptal  dissepiments  are  numerous,  and,  in 
a  longitudinal  section,  exhibit  a  broad  zone  of  convex  vesicular 
tissue,  convexity  inwards,  and  pointing  upwards,  and  arranged  in 
oblique  rows.  The  fossula  is  large.  At  its  inner  margin  the  tabulae 
is  depressed,  and  two  of  the  primary  septa,  of  shorter  length,  extend 
into  it. 

Height  of  corallum,  7  inches ;  diameter,  1  inch  5  lines. 
Formation, — Lower  carboniferous. 

Locality. — Found  in  Petershill  Quarry,  Bathgate,  Linlithgow- 
shire. 

This  is  one  of  the  most  t'lbundant  species  that  is  found  in 
Scotland,  and  always  in  the  lower  beds  of  shale  that  is  inter- 
stratified  with  the  beds  of  limestone. 

This  species  is  frequently  found  simple;  it,  however,  is  some- 
times found  compound.  I  have  a  slab,  cut  oflf  a  mass  which  was  a 
simple  corallum  at  the  base,  and  increased  by  calicular  gemmation, 
and  at  two  feet  high  was  three  feet  broad. 

Campophijllmn  (canimtj    gigatUea    (Mich.)  ZaphreiUia 
gig,  (M'Coy.) 

Plate  VII.,  Fig.  4. 

This  section  represents  a  large  specimen  from  Ireland.  I  have, 
however,  recently  discovered  the  same  species  on  the  banks  of  the 
Rye  Water,  Dairy,  Ayrshire.    In  this  species  the  septa  are  of  two 
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ordera  The  primary  extend  inwaixl,  over  the  face  of  the  tabulae, 
for  ten  lines  on  the  dorsal  side,  and  on  the  ventral  side  of  the 
corallum  they  are  nine  lines  long;  the  secondary  septa  are  minute, 
and  the  primary  septa  are  frequently  intei-septed  by  lenticular 
convex  cells,  convexity  pointing  inwards,  and  there  is  a  broad 
zone  of  iiiterseptal  dissepiments.  The  fossula  is  large,  and  extends 
inwards  to  near  the  centre  of  the  calicular  cavity ;  and  several  of 
the  primary  septa  fold  round  and  form  the  walls  of  the  fossula — a 
character  which  induced  M'Coy  to  include  it  with  the  Zaphrentidw, 
The  tabulae  are  numerous,  and  rest  upon  the  inner  margin  of  the 
interlocular  dissepiments. 

Height  of  corallum — it  is  frequently  found  in  Ireland  from  12 
to  15  inches,  and  in  Scotland  I  have  found  it  6  inches;  diameter 
of  the  former,  2  inches  6  lines. 

FoniuUuyiu — Lower  carboniferous. 

Locality, — Found  in  many  localities  in  Ireland ;  and  in  Scotland 
on  the  banks  of  the  ilye  Water,  Dairy,  Ayrshire. 

Campaphyllum  (  C yailiophyllum )  parcicida.    ( M*Coy. ) 
Plate  VII.,  Figs.  10,  10a,  aiid  10b. 

Kepi'esents  a  series  of  sections,  and  the  external  aspect  of  this 
species  showing  calicular  gemmation,  and  in  10b  and  11d,  how  and 
where  the  young  corallites  are  developed.  The  septa  are  of  two 
orders.  The  primary  extend  inwards  for  a  third  of  the  total 
diameter  of  the  corallum,  and  at  their  inner  ends  rest  upon  the 
tabulae.  The  secondary  septa  pass  inwards  for  two-thirds  of 
the  length  of  the  piimary,  and  each  is  united  by  rectangular 
interseptal  dissepiments,  which,  in  a  longitudinal  section,  exhibit 
a  broad  zone  of  convex  cells,  convexity  inwards,  and  arranged  in 
oblique  rows  ;  and  the  tabula;  are  dense,  and  more  or  less  hori- 
zontal, and  at  their  lateral  margins  they  i-est  upon  the  inner 
margin  of  the  concave  interlocular  dissepiments.  The  fossula 
is  indistinct.  This  species  is  frequently  found  simple,  but  is 
usually  found  in  compound  communities.  Gemmation  may 
begin  at  any  stage.  I  have  one  specimen  only  a  quarer-of-an-inch 
long,  and  there  are  four  corallites  developed  on  its  calice,  and 
these  are  fully  a  line  long. 

Height,  variable ;  I  have  a  specimen  3  inches  long ;  diameter  at 
ihe  widest,  about  8  lines. 
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Formation, — Lower  carboniferous. 

Locality, — Found  at  Brockley,  Lesmabagow ;  Broadstone,  Beith, 
Ayi*sbire,  and  in  many  other  localities  throughout  Scotland. 
The  foregoing  may  be  summarised  briefly  as  follows : — 

(1)  .  Fig.  9.  Campophyllum  Murchiaoni  (E.  and  H.).  In  this 
species  the  septa  are  of  two  oixlers.  The  primary  are  limited  in 
their  extension  inwards.  The  secondary  are  abortive,  and  is  thus 
a  near  ally  to  the  genus  Calophyllum,  indeed,  it  may  with  propriety 
be  said  to  be  an  intermediate  between  the  latter  genus  and  the 
more  highly-developed  species  of  the  former.  It,  however,  differs 
from  Calophyllum,  in  the  possession  of  a  zone  of  vesicular  tissue 
around  the  peripheral  zone,  and  in  the  more  pronoimced  septal 
fossula ;  while  m  Calophyllum  the  septa  extend  to  the  wall,  and 
the  interseptal  dissepiments  are  indicated — characters  which  further 
indicate  that  there  is  a  constant  and  persistent  tendency  to  moditi- 
cation  and  transition. 

(2)  .  Fig.  5  exhibits  a  further  development  of  the  septa,  and 
the  vesicular  tissue  is  more  developed  in  the  interseptal  spaces ; 
and  Fig.  8  indicates  the  introduction  of  a  columella. 

(3)  .  Fig.  11.  In  this  species  there  is  a  further  development  of 
the  septal  system,  and  interseptal  dissepiments  are  greatly  inci-eased, 
and  the  tabulaj  is  proportionately  circumscribed. 

(4)  .  Fig.  4  represents  a  sjjecies  in  which  the  septa  are  con- 
siderably increased  in  their  extension  inwards,  and  the  zone  of 
vesicular  tissue  is  much  broader,  and  the  primary  septa  ai-e  more 
or  less  intei-septed  by  lenticular  cells,  and  consequently  some  of  the 
septa  do  not  extend  outwards  to  tlie  thcca,  and,  in  this  respect, 
foreshadows  the  broad  zone  of  cellular  tissue  that  is  found  to 
intersept  the  outward  extension  of  the  septa  in  the  genera  Thy- 
sanophyllum  orientale  (Plate  IX.,  Fig.  5),  Nich.  and  Thom.,  and 
also  in  Lonsdaleia,  of  M/Coy.  lu  Thysanophylluia  tabulae  are 
developed  in  the  central  area,  and  in  this  respect  it  may  be  said 
there  is  a  close  affinity.  The  latter,  however,  is  in  compound 
communities,  and  the  vesicular  tissue  is  circumferential,  and  de- 
veloped between  the  wall  and  the  outer  ends  of  the  septa.  In 
Thy  sanophyllum  mimui  (Plate  IX.,  Fig.  4),  N.  and  Th.,  a  septum 
extends  inwards  to  the  centre  of  the  vesicular  chamber,  and  thus 
indicates  a  transition  from  that  genus  into  the  genus  Lomdaleia^ 
and  I  believe  that  other  intermediate  species  will  yet  be  discovered 
which  will  show  the  transition  more  nearly  related.  Indeed,  it 
is  possible  that  in  the  species  which  Keyserling  refeired  to  the  genus 
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Liihostrotioriy  the  relation  may  be  more  pronounced,  and  thus 
illustrate  that  there  is  not  only  a  constant  tendency  to  variation 
in  the  simple  forms,  but  that  even  those  transitional  chai*acteristics 
merge  and  unite  even  the  separate  ordei-s. 

(5)  Fig.  6  represents  a  section  of  what  has  been  regarded  as 
Cyathophyllum  Wrighti.  In  the  absence  of  a  representation  of 
the  structural  details  of  that  species  its  specific  characters  cannot 
be  defined.  There  is  a  further  development  of  the  septa  and 
int^rseptal  dissepiments,  and  the  struct u ml  details  are  more 
pronounced. 

(6)  Figs.  10,  10a,  10b,  10c,  and  IOd.  The  whole  structural 
details  dififer  so  widely  from  the  preceding  by  its  compound 
development,  and  its  near  relation  to  the  genus  Diphyphyllum  of 
Lonsdale,  that,  indeed,  I  did  for  some  time  regard  this  species  as  a 
variety  of  Diphyphyllum.  It,  however,  dififers  from  the  latter  by 
the  fact  that  it  is  more  highly  developed  and  gemmation  is  calicular, 
and,  upon  the  whole,  its  relations  are  nearly  allied  to  the  genus 
Campophyllum.  In  this,  as  in  all  the  other  varieties  of  this  group, 
the  dififerentiated  character  are  so  close,  and  the  transitional 
tendencies  so  constant,  that  the  overwhelming  evidence  is  forced 
upon  us,  that  there  is  a  constant  and  persistent  inclination  to 
modification,  arising  from  the  endemic  inclination  to  variation. 
Figs.  10c  and  IOd  represent  CyatJwphyllum  echhiata.  (Thom.) 

In  thus  tracing  the  generic  relations  of  the  fossil  remains  of  the 
Hydroida  of  the  carboniferous  system,  although  fragmentary  and 
imperfect.  Yet  I  hope  the  results  of  our  investigations,  so  far  as 
they  go,  will  at  least  lead  those  that  are  interested  to  know 
wherein  the  Zoantha/ria  ricgosa  differ  from  those  groups  I  have 
imperfectly  reviewed.  I  will  now  try  and  trace  their  relationship, 
and  inquire  wherein  they  differ  from  the  preceding,  and  their 
connection  with  those  afterwards  to  be  considered. 

ZOANTHARIA  RUGOSA. 

The  Zoantharia  rugosa  includes  a  series  of  organic  remains 
whose  gemmation  is  by  buds,  and  the  young  remain  attached  and 
form  compound  communities,  and  include  a  series  of  forms  of  an 
extremely  varied  aspect,  whose  structural  details  are  of  a  most 
varied  and  diverse  character. 


Genus  Diphyphyllum.  (Lonsdale.) 
Generic  Characters, — Corallum  compound,  and  formed  of  long 
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slender,  cylindneal  coralliteB,  which  are  usually  at  some  little 
distance  apart,  and  grouped  together  into  fasciculate  niassea  The 
epitheca  is  moderately  stout,  and  development  is  either  by  fissi- 
parity  or  by  calicular  gemmation.  The  septa  are  well  developed 
and  lamellar,  and  there  are  interlamellar  stria.  The  primary  septa 
extend  inwards  for  a  third  of  the  total  width  of  the  corallum.  The 
secondary  usually  extend  inward  half  the  length  of  the  primary, 
and  each  is  united  by  rectangular  interseptal  dissepiments.  The 
.fossula  is  small,  and  indicated  by  a  slight  depression  of  the  tabula, 
and  a  septum,  of  shorter  length  than  the  others,  extends  into  it 
The  longitudinal  section  (PI.  VIII.,  Fig.  1a)  is  biareal  and  exposes 
the  broad  tabulce,  and  these  bend  down  at  their  latter  margins  and 
rest  upon  the  vesicular  tissue  of  the  peripheral  area.  Some  of  the 
tabulte  only  extend  to  the  centre  of  the  corallum  ;  they  then  bend 
downwards.  A  transverse  section  along  the  bent  part  would 
indicate  a  columellarian  line,  and  would  thus  mislead  the  observer, 
and  induce  him  to  regard  such  forms  as  having  a  columella  (PI. 
VIII.,  Fig.  3).  Indeed,  I  am  convinced  that  this  is  the  cause  of 
so  many  diverse  opinions  regarding  the  classificatory  value  of  this 
grou]).  In  the  peripheral  zone  there  are  two  convex  cells  con- 
vexity inwards.  These  are  an*anged  alternately,  and  the  outer 
ends  of  the  bent  tabulte  rest  upon  the  cellular  tissue. 

In  Mr.  Lonsdale's  original  definition  of  the  genus  DiphyphyUum^ 
there  is  only  one  point  that  I  have  failed  to  corroborate — t.c.,  the 
triareal  arrangement  of  the  structural  details.  This  I  have  in  no 
instance  found,  and  I  believe  that  he  mistook  the  bent  ends  of  the 
tabulte  for  the  vesicular  tissue  of  the  interlocular  area.  In  every 
other  respect  this  definition  I  cordially  endorse. 

Prof.  M*Ooy  (Brit.  Pal.  Foss.,  p.  87)  recapitulated  the  definition 
of  Lonsdale,  and  described  two  species — viz.,  Dip.  gracik  and  Dip. 
latiaepium. 

Milne-Edwards  and  Haime  (Pol.  Foss.  des  Terr.  Pal.,  p.  446) 
considered  Di}).  concvnnum  (Lonsdale),  was  founded  upon 
a  Lithostrotimif  in  which  the  columella  had  been  accidentally 
destroyed,  and  therefore  rejected  the  genus  altogether.  De 
Fromental  subsequently  adopted  the  same  views,  but  retains  the 
name  of  Diphyphyllum  for  the  fasciculate  si>ecies  of  Litliosirotion, 
Professor  de  Koninck,  however,  by  his  accurate  description  and 
figures  of  the  type  form  Diphyphyllum  concinnum  (Lonsdale),  has 
thoroughly  established  the  correctness  of  Mr.  Lonsdale's  original 
views,  and  the  validity  of  the  genus  (Nov.  Rech.  der  le  Ann. 
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Foss.,  Part  I.,  p.  36,  PL  II.,  Figs.  4  and  4d,  1872).  The  latter 
did  not  agree  with  Lonsdale  in  regarding  fissiparous  division  to 
be  one  of  the  characters  of  the  genus.  As  regards  the  classificatory 
position  of  Diphyphyllum,  it  is  clearly  separated  from  Lithostrotion 
by  the  fact  that  in  the  latter  there  is  always  a  columella,  while  in 
the  former  the  tabulae  closes  in  the  floor  of  the  calicular  cavity, 
and  there  is  no  columella;  but,  as  formerly  stated,  if  a  transverse 
section  is  made  through  the  centre  of  the  down-curved  ends  of 
those  tabula  that  only  reach  to  the  centre  of  the  corallum,  that 
structure  would  naturally  be  mistaken  for  a  columella.  If, 
however,  there  is  a  transverse  and  longitudinal  section,  there  need 
be  no  reasons  for  doubt  as  to  the  difference  of  the  structural 
characters  of  Biphyphyllum  and  that  of  Lithostrotion,  in  spite  of 
the  close  external  resemblance  between  the  two  groups. 

If  the  definition  I  have  indicated  be  accepted,  the  genus 
Diphyphyllum  will  include  several  species  that  have  been  grouped 
with  the  genus  Lithostrotion.  But  in  this  group,  as  in  all  the 
other  genera,  their  structural  characters  indicate  relationships  so 
close  to  allied  groups  that  it  becomes  difficult  to  define  their 
generic  distinctions.  I  may  say,  however,  that  I  have  been  alone 
guided  by  the  examination  of  a  large  series  of  sectioned  specimens, 
in  which  are  included  specimens  whose  transitional  tendencies  are 
of  an  extremely  minute  character.  I  have  also  had  the  privilege 
to  examine  a  geries  of  specimens  which  Professor  De  Koninck 
kindly  forwarded  to  me,  and  after  careful  comparison  I  find  a 
somewhat  common  variety  that  is  found  in  Scotland  agree  in 
eveiy  detail  with  Diphyphyllum  concinmtm,  «ns  defined  by  the 
eminent  and  accurate  Belgian  author. 

The  genus  Diphyphyllum  is  also  closely  allied  to  the  genus 
Campophyllum,  as  defined  by  me.  From  the  typical  species  of 
the  Campophylhcm,  the  species  of  Diphyphyllum  are  separated  by 
the  limitation  of  the  septa  of  the  latter  to  the  external  poi-tion  of 
the  corallum,  and  the  fasciculate  aspect  of  the  communities. 
There  is,  however,  species  in  the  latter  in  which  the  septa  are 
equally  limited  in  their  extension  inwards,  as  in  Cainpophyllum 
Murehisonia  (Edwards  and  Haime),  and  Campophyllum  jmracida 
(M*Coy),  the  septa  falls  far  short  of  the  central  area.  The  latter, 
however,  are  never  developed  in  fasciculate  compound  masses, 
while  in  the  former  the  different  species  are  always  formed  in 
compound  fasciculate  communities,  and  frequently  of  great 
dimeiisioDs. 
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Diphyphyllum  concinnvni.  (Lonsdale.) 
Plate  VIII.,  Fig.  2. 

Specific  Chantciera, — Corallum  compound,  tall,  cylindrical,  and 
in  fiisciculate  masses.  The  epitheca  is  thin,  there  are  longitudinal 
stria,  and  faint  indications  of  annulations  of  growth.  The  caliee 
is  moderately  deep,  and  its  floor  is  oc(;npied  with  broad  flat  tabula. 
The  septa  are  of  two  orders.  The  primary  septa  extend  inwards 
for  a  line,  and  rest  upon  the  tahula},  and  these  alternate  with  an 
equal  number  of  secondary,  which  extend  inwards  for  thrc^e- 
fourths  of  the  length  of  the  primary  septa,  and  each  is  united  with 
rectangular  interaeptal  dissepiments  in  the  outer  zone,  and  are 
sparse  and  remote  in  the  inner  half  of  the  interseptal  locula. 
There  are  twenty-eight  primary,  which  alternate  with  an  equal 
number  of  secondary  septa,  in  a  corallite  3j  lines  in  diameter. 
The  fossula  is  small  and  indistinct. 

Formation, — Lower  carboniferou.s. 

Locality, — Kirtle  Bridge,  Dumfriesshire. 

Diphyphyllum /ascicitlatiim.    (D.  Orb.) 

This  species  is  distinguished  by  the  broad  flat  tabuise — the 
septa  and  interseptal  dissepiments  not  being  so  numerous — and  by 
the  long  and  distant  bifurcating  corallites,  and  by  the  less  dense 
fasciculate  masses. 

Formation.  — Lower  carboniferous. 

Locality. — Found  at  Boghead,  Lesmahagow,  Lanarkshire. 

Diphyphyllum  interruptum,    (Thomson.)    Sp.  nov. 

Plate  VIII.,  Fig.  8. 

Specific  Characters, — Corallum  in  compound  fasciculate  masses, 
and  developed  by  fissiparous  gemmation.  The  epitheca  is  thin, 
and  there  are  encircling  lines  of  growth.  The  calico  is  moderately 
deep,  and  in  some  of  the  corallites  there  is  a  central  pseudo-columella 
present,  arising  from  the  section  passing  through  tho  down-curved 
part  of  the  tabulw  that  only  extends  to  the  centre  of  the  corallum, 
thus  indicating  a  transitional  tendency,  by  the  extension  of  a  por- 
tion of  the  tabulie  being  interrupted  and  bending  downwaixis  in 


Mr.  Thomson  on  Corals  of  Carboniferous  System  of  Scotland,  385 


the  centre  of  the  calicular  fossa.     In  a  corallum  2 J  lines  in 
diameter  there  are  26  primary  septa,  and  these  alternate  with  an 
equal  number  of  secondary  septa,  and  each  is  united  by  minute 
interseptal  dissepiments.    The  fossula  is  obscure. 
Formation, — Lower  carboniferoua 

Locality, — Found  at  Boghead,  Lesmahagow,  Lanarkshire. 

Diphyphyllum  approodmatum.    (Thomson.)    Sp.  nov. 
Plate  VIII.,  Fig.  1. 

Specific  Characters,  —  Corallum  compound,  and  in  closely- 
aggregated  fasciculate  masses.  The  epitheca  is  stout,  and  there 
are  encircling  lines  and  broad  irregular  annulations  of  growth. 
The  calice  is  moderately  deep,  and  its  floor  is  occupied  with  broad 
flat  tabulse.  Some  of  these  are  more  or  less  interrupted  and  bend 
downwards  to  the  inferior  tabula,  and  indicate  their  transitional 
nature,  which,  with  further  development,  would  merge  into  those 
genera  in  which  the  columella  is  of  generic  importance.  The 
development  of  this  species  is  by  calicular  and  flssiparous  gem- 
mation. The  septa  are  short;  and  in  a  corallum  fully  5  lines  in 
diameter  there  are  thirty-two  primary,  which  alternate  with  an 
equal  number  of  secondary  septa.  The  secondary  curve  and  become 
attached  at  their  inner  ends  to  the  neighbouring  septa,  and  each  is 
united  by  interseptal  dissepiments,  which  are  numerous  in  the 
peripheral  zone  and  sparse  in  the  inner  area. 

Formation, — Lower  carboniferous. 

Locality, — Found  at  Petershill,  Bathgate,  Linlithgowshire,  and 
Langside,  Beith,  Ayi-shire. 

This  species  is  readily  distinguished  by  its  more  massive  form 
and  its  dense  fasciculate  communities,  and  approximates  so  near 
to  Campophyllum  paracida  (M*Coy),  that  if  examined  separately  it 
might  be  mistaken  for  that  species.  It,  however,  differs  by  the 
presence  of  the  broader  tabulse  and  the  fasciculate  mode  of 
development,  and  thus  forms  an  approximate  passage  between  those 
two  genera. 

There  is,  however,  another  species  in  which  the  septal  system 
extend  considerably  further  inwards  to  the  centre  of  the  corallum; 
and  in  some  of  the  corallites  the  septa  converge  inwards  and  unite 
in  the  centre,  and  thus  indicate  a  near  relation  to  Lithostrotion 
junceum  (Flem.).    This  and  other  species  I  purpose  by  and  by  to 
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delineate  and  describe — meanwhile  I  merely  wish  to  record  this 
remarkable  transitional  tendency. 

As  regards  the  generic  illations  of  the  genus  DiphyphyUum,  it 
forms  a  natural  and  intermediate  group  between  the  genus  Cam- 
pophyllum  on  the  one  hand,  and  the  genus  LitJwstrotion  on  the 
other.  From  the  former  it  is  distinguished  by  being  developed  in 
compound  fasciculate  masses,  and  by  fissiparous  gemmation ;  and 
from  Litho8trotion  by  the  fissiparous  mo<]e  of  development.  The 
tabuliB  extend  across  the  centre  of  the  corallum,  fold  down  on 
either  side,  and  rest  upon  the  vesicular  tissue  of  the  peripheral 
zone,  indicating  an  intermediate  and  transitional  tendency  from 
those  forms  in  which  the  septa  are  developed  and  extend  outward 
over  the  superior  face  of  the  tabula; — as  in  the  Hydroida — ^and 
merging  and  uniting  those  gix)ups  in  which  the  development  is 
by  calicular  gemmation,  and  the  young  grow  side  by  side  with 
the  parent,  and  form  dense  fasciculate  compound  communities, 
which,  with  further  development,  will  merge  into  those  groups  in 
which  the  septa  extends  uninterruptedly  from  the  inferior  to  the 
superior  exti^emity  of  the  corallum — thus  illustrating  the  principle 
that  variation  is  persistent,  and  that  modification  may  be  traced 
in  the  development  of  all  the  different  pai1:«  of  a  corallum,  and 
that  the  species  are  more  or  less  polymorphic,  and  ih&t^  unless 
approximately  known  in  each  different  part,  and  the  tendency 
of  each  section  to  differentiation,  we  can  form  but  a  very 
imperfect  conception  of  the  true  characteristics  of  these  coralline 
remains. 

As  above  referred  to,  the  genus  Dlphyphyllum  has  a  close  and 
intimate  relation  to  the  genus  Liihostrotion.  There  is,  however, 
another  group — Thysanophyllum — which,  although  generically  dif- 
ferent, yet,  in  the  form  and  arrangement  of  the  tabula  in  the 
central  area,  they  are  more  or  less  related.  But,  from  the  fact 
that  in  one  species  of  Campophyllum  (i.e..  Camp,  gigantium),  there 
is  indicated  a  transitional  tendency  in  the  vesicular  tissue  of  the 
peripheral  zone,  by  the  fact  that  the  prolongation  of  the  septa  are 
more  or  less  arrested,  they  being  here  luid  there  intercepted  by 
vesicular  tissue.  In  this  respect  the  latter  genus  may  be  said  to 
have  a  near  relation  to  the  genus  Thysanophyllum  (Nich.  and 
Thom. ).  In  order  that  the  relationships  of  each  may  be  traced,  and 
the  connecting  links  understood,  I  will  now  brieliy  refer  to  the 
structural  details  of  the  latter  genus,  and  see  wherein  the  de- 
velopment of  the  group  warrants  us  in  believing  that  there  is  a 
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progressive  development  foreshadowed  and  exemplified  throughout 
the  whole  series. 

Genus  Thysanophyllum.    (Nicliolson  and  Thomson.) 
Plate  IX.,  Figs.  5  and  5a. 

Generic  Cliaracters, — Corallura  compound,  fasciculate  or  astrea- 
form,  increasing  by  latro-calicular  gemmation.  Each  corallite  is 
provided  with  a  distinct  wall,  and  there  is  an  inner  mural  invest- 
ment developed.  The  calice  is  shallow,  and  the  centre  of  its  floor 
is  occupied  by  broad  and  remote  tabulae.  The  septa  are  abortive. 
In  one  species  the  primary  septa  are  lamellar,  and  there  are  no 
secondary  septa ;  whilst,  in  another  species,  the  septa  are  of  two 
orders.  The  primary  septa  extend  from  the  vesicular  tissue 
inwards  to  the  tabulae,  and  the  secondary  septa  extend  inwards 
for  a  fourth  of  the  length  of  the  primary  septa,  and  each  is 
united  by  slightly  angular  interseptal  dissepiments,  which  are 
sparse  near  the  inner  margin  of  the  primary  septa,  and  where 
they  approach  the  vesicular  tissue  of  the  outer  zone  they  are  more 
numerous.  The  longitudinal  section  is  triareal.  The  central 
ai*ea  is  composed  of  remote  transverse  tabulae.  The  intermediate 
("  interlocular  ")  area  is  composed  of  remote  convex  tabulae,  con- 
vexity pointing  upwards  and  inwards.  The  outer  area  is  occupied 
with  a  zone  of  elongated  convex  vesicular  tissue,  convexity  pointing 
outwards  and  inwards,  and  arranged  in  oblique  rows. 

The  genus  Thysanophyllum  (Nich.  and  Thom.)  is  related  to  the 
genus  Lonedalia  (M'Coy,  Plate  IX.,  Figs.  1  and  2)  in  the  general 
form  of  the  corallum,  in  the  presence  of  an  exterior  vesicular  zone 
of  large  cells,  and  in  the  possession  of  septa  which  have  no  con- 
nection with  the  outer  wall.  It  is  distinguished,  however,  by  the 
fact  that  there  is  no  true  columella,  and  there  is  always  a  con- 
spicuous central  tabulate  area  uncovered  and  exposed  to  view  in 
the  former ;  whilst  in  the  latter,  the  centre  of  the  calicular  cavity 
is  occupied  by  a  prominent  boss,  and  by  the  possession  of  a  median 
columellarian  line,  which  extends  from  the  superior  to  the  inferior 
extremity  of  the  corallum,  which  is  surrounded  by  convex  vesicular 
tissue,  convexity  pointing  upwards  and  inwards. 

In  the  longitudinal  section  are  present  characters  in  the  central 
area,  which  might  be  mistaken  for  some  of  the  simple  forms  of 
Campophyllum,    From  the  broad  tabulate  forms  of  Campophyllum 
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the  genus  Thysanophyllum  is  at  once  distinguished  by  the  fact 
that  the  septa  extend  to  the  outer  wall  in  the  former,  with  one 
exception,  whilst  in  the  latter  the  septa  never  reach  the  outer 
wall,  but  are  intersepted  and  surrounded  by  a  zone  of  vesicular 
tissue,  which  occupies  the  intermediate  space  between  the  outer 
ends  of  the  septa  and  around  the  periphei-al  zone  of  the  corallum. 
As  referred  to  above,  there  is  one  notable  exception  in  the  latter 
structural  details — i.e.,  Campophyllum  giganteum.  The  septa  in 
that  species  are  more  or  less  intennipted  by  lenticular  vesicular 
tissue  near  the  periphery,  and  therefore  indicating  a  transitional 
tendency.  Indeed,  I  am  satisfied  that  other  intermediate  forms 
will  yet  be  discovered  that  will  still  more  closely  unite  those 
genera.  Meanwhile,  with  oui*  present  knowledge,  we  can  only 
regard  the  remarkable  vesicular  tissue  in  Thysanophyllum,  and  as 
indicated  in  Campophyllum  gigantea,  as  foreshadowing  a  transi- 
tional condition,  which,  with  further  development,  will  unite 
those  genera  more  closely.  Thysanophyllum  presents  characters 
in  the  central  area  which  are  also  characteristic  of  the  genus 
Phillipsastrea.  In  the  latter  the  central  area  is  occupied  with 
transverse  tabula?  in  some  forms,  whilst  in  others  the  tabulae  are 
more  or  less  inclined  upwards,  and  unite  in  the  centre,  and  in  one 
species  a  portion  of  the  septal  system  extends  inwards  to  near  the 
centre  of  the  calicular  cavity;  they  then  coalesce,  and  meet  in  the 
centre  of  the  corallite — a  character  which  is  also  characteristic  of 
LitJiOBtrotion  junceum,  and  more  fully  developed  in  the  genus 
Heterophyllum.  It  will  thus  be  apparent  that  the  genus  Thy- 
sanophyllum is  polymorphic,  and  that  its  relationships  diverge  in 
all  directions;  and  although  there  has  been  only  two  species 
discovered,  yet  in  these  the  endemic  tendency  to  variation  is  well 
exemplified. 


Thysanophyllum  orientale.    (Nicholson  and  Thomson.) 

Plate  IX.,  Figs.  5  and  5a. 

S])eciji<;  C/uiracters.  —  Corallum  compound,  in  fasciculate  or 
astreaform  masses;  development  by  calicular  gemmation.  The 
epitheca  is  stout,  there  are  longitudinal  ribs  and  obscure  annular 
ridges.  The  calice  is  moderately  deep,  and  its  margin  is  sub- 
mammillated,  and  the  floor  is  occupied  by  flat  tabula\  The  septa 
are  bilamellar,  and  they  never  extend  to  the  jieriphery,  but  are 


Mr.  Thomson  oh  Corals  o/Cai-boni/erous  System  of  Scotland,  389 

intersepted  by  the  m a m m  il late  tissue.  I n  an  ordinary-sized  corallite 
there  are  about  30  septa,  which  extend  from  the  tabulsB  of  the 
central  area  to  the  vesicular  area  of  the  outer  zone.  The  longi- 
tudinal section  (Fig.  5a)  exhibits  the  cut  edges  of  the  transverse 
tabulae  of  the  central  area,  and  the  large  vesicular  convex  cells  in 
the  Outer  area,  convexity  pointing  upwards  and  inwards. 

Height  and  diameter  of  corallum  vaiiable. 

Formation. — Lower  carboniferous,  and  found  associated  with 
Diphyphyllum  fasciculatum,  near  Fenwick,  Ayrahire,  and  with 
Lithostrotion  junceumj  on  the  shore  of  Aberlady  Bay,  Hadding- 
tonshire. 

Thrjsanophyllum  minus,    (Nicholson  and  Thomson.) 

This  species  differs  from  the  former  in  the  possession  of  flexuous 
septa,  and  one  of  them  extends  to  the  centre  of  the  visceral 
chamber,  and  in  this  respect  indicates  the  generic  character  of  the 
genus  Loplvophyllum,  The  other  septa  never  reach  the  periphery, 
but  are  intersepted  by  a  zone  of  large  cellular  tissue.  In  all 
respects  this  species  agrees  with  the  former,  except  in  the  extension 
of  one  of  the  septa  into  the  centre  of  the  calicular  fossa,  which 
may  be  regarded  as  the  indication  of  the  transitional  tendency  of 
the  genus. 

It  will  be  seen  from  the  above  that  the  structural  characters 
which  collectively  distinguish  the  genus  Thysanophyllum  are — 
(1)  the  presence  of  broad  flat  tabuke;  (2)  the  aborted  septa; 
(3)  the  zone  of  vesicular  tissue  that  extends  from  the  outer  ends 
of  the  septa  to  the  wall. 

With  regard  to  the  affinities  of  the  genus,  it  possesses  characters 
of  an  unusually  fundamental  nature;  and  although  surrounded  by 
genera  that  possess  certain  structural  details  which  are  combined 
and  represented  in  Thysanophyllum^  yet,  like  all  the  other  genera 
of  this  interesting  series  of  coralline  remains,  there  is  clearly 
indicated  transitional  tendency  which  unites  it  to  other  allied 
forms.  Indeed,  if  there  was  no  other  genus  than  this  discovered 
in  it,  we  would  have  structural  details  suflicient,  with  our  present 
knowledge,  to  indicate  how  little  we  yet  know  of  the  true  charac- 
teristic of  this  great  group,  and  how  diverse  our  acquaintance  with 
the  allied  forms  requires  to  be  before  we  can  even  approximately 
realize  how  widely  dissimilar,  and  yet  how  clearly  they  each 
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indicate  the  unity  of  development,  and  how  harmouious  the 
transitional  tendencies  are  to  universal  variation. 

During  our  inquiry  into  the  generic  relations  of  each  groups  we 
have  found  that  in  each  there  is  a  constant  tendency  to  variation, 
and  that  these  modifications  indicate  an  endemic  tendency  to 
become  more  complex  in  their  organization,  and  that  with  increased 
complexity  there  is  a  proportionate  increase  in  the  extension  or 
inward  prolongation  of  the  septal  system.  I  will  now  consider  the 
generic  relations  of  a  group  in  which  the  septa  converge  inwards 
to  the  centre  of  the  corallum. 

Genus  Cyatiiophyllum.  (Goldfuss.) 

Generic  Characters, — Corallum  simple  or  compound ;  the  epitheca 
is  variable,  the  calices  are  variable  in  depth  and  form,  and 
the  septa  usually  converge  inward  to  the  centre,  where  they 
partially  coalesce  or  are  twisted  together,  and  thus  form  a  spurious 
columella.  The  septa  arc  of  two  orders.  The  primary  extend 
inwards  to  the  centre,  and  the  secondaiy  extend  inwards  to  variable 
distances,  and  each  is  united  by  interseptal  dissepiments,  which 
are  usually  numerous  in  the  outer  zone  and  sparse  towards  their 
inner  ends.  The  septal  fossula  is  variable  in  size  and  form  in  the 
different  species. 

The  longitudinal  section  exhibits  tabulae  in  the  central  area, 
which  at  the  lateral  margins  rest  upon  a  system  of  convex  cells, 
convexity  upwards  and  outwards,  and  which  fills  in  the  inter- 
mediate (**interlocular")  area,  and  the  outer  area  is  occupied  by 
a  broad  zone  of  intei'septal  cellular  tissue,  convexity  pointing  up- 
wards and  inwards,  and  arranged  in  oblique  rows. 

As  regards  the  structural  characters,  the  corals  which  are 
referable  to  the  genus  Cyathophyllum  appear  to  be  marked  out 
with  sufficient  distinctness.  The  tabulae  are  considerably  more 
circumscribed  in  the  central  area  than  is  found  in  Campophyllum^ 
its  nearest  ally,  and  are  usually  very  closely  set,  and  surrounded 
by  a  broad  zone  of  delicate  vesicular  tissue,  which  in  the  outer 
("interseptal")  area  is  dense,  and  more  or  less  sparse  in  the 
"interlocular"  area  The  septa  are  well  developed,  and  usually 
extend  inwards  either  to  or  near  the  centre,  and  in  some  forms 
they  are  more  or  less  twisted  together,  and  slightly  raised  in  the 
centre  of  the  central  area  (PI.  VII.,  Fig.  2).    In  some  forms  that 
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were  included  in  the  genus  Cyathophyllum  proper  the  septa  stop 
short  at  some  distance  from  the  centre,  as  in  Campophylhivi 
( Cyathophyllum )  paracida  (M'Coy).  Such,  however  (as  formerly 
stated,  when  referring  to  the  relationships  of  the  genus  Campo- 
phylhim),  cannot  be  regarded  as  belonging  to  the  genus  Cyatho- 
phyllum proper,  as  defined  by  Goldfuss  in  his  original  description. 
He  defines  the  genus  as  possessing  septa  which  converge  inwards 
to  the  centre  of  the  coralhim,  and  unite  and  curve  upwards  at 
their  inner  ends. 

It  will  thus  be  apparent  that  the  structural  characters  which 
distinguish  the  genus  Cyathophyllum  are — (1)  the  presence  of 
closely-arranged  tabulae  in  the  central  area;  (2)  the  existence  of  a 
broad  exterior  zone  of  vesicular  tissue,  formed  by  extensively- 
developed  interseptal  dissepiments;  (3)  the  extension  of  the  septa 
into  the  central  area,  which  are,  at  their  inner  ends,  curved  up- 
wards, and  are  more  or  less  twisted.  There  are,  however,  excep- 
tions to  the  latter  structural  arrangement  of  the  septa.  In  some 
forms  the  septa  do  not  quite  reach  the  centre  of  the  corallum,  as 
in  Cyathophyllum  cusjMaphylliu  {Thomson J  Plate  VII.,  Fig.  3); 
and  in  Cyathophyllum  Murchisoni(Ejd'wa.rds  and  Haime,  Plate  VII., 
Fig.  1),  their  inward  extension  is  considerably  less  apparent, 
arising  from  the  fact  that  at  the  inner  area  of  the  septal  system  they 
are  considerably  curved  upwards.  Indeed,  the  central  area  pre- 
sents a  more  or  less  dome-shaped  aspect,  exposing  the  minute 
flate  (tabulie)  in  the  centre  of  the  centi-al  area,  and  thus  indicat- 
ing a  transitional  tendency,  and  may  be  regarded,  by  the  presence 
of  the  calicular  boss,  as  indicating  the  mergence  of  the  genus 
Cyatliophylluju  into  the  genus  Koninckaphylluvu  The  latter, 
however,  is  at  all  times  distinguished  by  the  presence  of  a 
columellarian  rod  in  type  specimens.  There  are,  however,  transi- 
tional forms  in  which  the  extension  from  the  inferior  to  the 
superior  extremity  of  the  corallum  of  the  columellarian  rod  is 
interrupted  (Plate  XI.,  Fig.  3a).  In  all  instances,  however, 
where  the  central  area  is  more  or  less  elevated,  we  have  the 
clearest  evidence  of  a  transitional  tendency,  and  their  mergence 
can  be  shown  in  the  modified  aspect  of  the  central  area  to  unite 
the  former  genus  with  the  latter  on  the  one  hand,  and  on  the  other 
Cyathophyllum  is  intimately  related  to  the  genus  Campophyllum. 
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Cyatlwphyllum  regium,  (Phillip.) 
Plate  VII.,  Figa.  2  and  2a. 

Specific  Cliaracters. — Oorallum  compound,  massive,  and  astrea- 
form.  Calices  polygonal,  shallow,  and  unequal  in  size,  and 
separated  by  an  irregular  or  sinuous  wall.  The  septa  converge  to 
the  centre  in  some  coral  lites,  and  a  portion  of  them  unite  in  the 
centre  of  the  central  area,  whilst  in  others  they  do  not  quite  reach 
the  centre.  At  their  inner  ends  they  are  curved  upwards  and  pre- 
sent a  more  or  less  tumid  aspect,  and  these  alternate  with  an 
equal  number  of  secondary  septa,  which  extend  inwards  from  the 
wall  for  three-fourths  of  the  length  of  the  primary  septa,  and  each 
is  united  by  rectangular  interseptal  dissepiments,  which  are  some- 
what largo  around  the  periphery,  and  dense  and  minute  a  short 
distance  from  the  outer  margin,  and  at  the  inner  end  ("inter- 
locular area  they  are  sparse.  A  septal  fossula  is  present,  but 
usually  indistinct. 

The  longitudinal  section  exposes  the  tabula?  of  the  central  area, 
which  at  their  lateral  margins  extend  into,  and  rest  upon  the 
vesicular  tissue  that  fills  up  the  intermediate  ("interlocular'')  area. 
These  are  convex,  convexity  pointing  outwards  and  upwards. 
The  outer  ("interseptal")  urea  is  occupied  by  a  broad  zone  of 
convex  vesicles,  convexity  pointing  upwards  and  inwards,  and 
arranged  in  oblique  rows. 

Corallum  found  in  great  masses.  Plate  VII.,  Fig,  7,  a  young 
specimen  of  the  same. 

Formation. — Lower  carboniferous. 

Locality. — Found  in  Petereliill  Quarry,  Bathgate,  Linlithgow- 
shire, and  Blackridge,  Dumfiiesshire. 

Cyathophyllum  Afurchisonia.    (Edwards  and  Haime.) 

Plate  VII.,  Figs.  1  and  1a. 

Specific  Characters. — Corallum  compound,  massive,  and  astrea- 
form.  The  calices  are  polygonal  and  everted,  and  abruptly  dome- 
formed  in  the  centre,  and  expose  the  Hat  tabula?  in  the  centre  of 
the  central  area.  The  septa  do  not  quite  reach  the  centre,  and 
are  of  two  orders.  The  secondary  septa  extend  inwards  from  the 
wall  for  about  half  the  length  of  the  primary  septa,  and  each  are 
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united  by  rectangular  interseptal  dissepiments,  which  are  dense  in 
the  peripheral  zone  and  sparse  in  the  inner  area.  The  septal 
fossula  extends  in  to  near  the  centre,  and  the  tabula  is  depressed 
at  its  inner  end.    The  epitheca  is  delicate  but  well  defined. 

The  longitudinal  section  exposes  the  comparatively  broad  tabulae, 
which  at  their  lateral  margins  bend  downwards  and  rest  upon 
the  ("  interlocular")  dissepiments,  which  are  convex,  convexity 
pointing  upwards  and  outwards.  The  outer  ("interseptal")  area 
is  occupied  by  lenticular  convex  cellular  tissue,  convexity  pointing 
upwards  and  inwards,  and  armnged  in  oblique  rows. 

Corallum  found  in  great  masses. 

Formation. — Lower  carboniferous. 

Locality, — Found  at  Blackridge,  Dumfriesshire. 

Cyathophyllum  cmpidaphyllia.    (Thomson.)    Sp.  no  v. 
Plate  VII.,  Fig.  3. 

Specific  CJiaracters. — Corallum  simple,  tall,  and  curved.  The 
epitheca  is  moderately  stout,  and  marked  with  encircling  lines  and 
irregular  annulations  of  gi'owth.  The  calice  is  shallow  and  thin  at 
the  margin.  The  septa  converge  inwards  to  near  the  centre,  they 
then  curve  upwards  and  ai'e  more  or  less  united  in  the  centre,  and 
form  a  slightly  conical  boss  in  the  centre  of  the  corallum.  In  the 
transverse  section  the  septa  are  thin  at  their  outer  ends,  becom- 
ing stout  in  the  intermediate  area,  and  delicate  and  pointed  or 
cuspidate  at  their  inner  ends..  The  septa  are  of  two  ordei*s,  and 
lamellar  in  the  intermediate  area,  and  thin  and  more  or  less 
flexuous  in  the  outer  zone.  There  are  thirty  primary  septa,  and 
these  alternate  with  an  equal  number  of  secondary  septa,  and  each 
is  united  by  rectangular  interseptal  dissepiments.  The  fossula  is 
large  and  extends  into  near  the  centre  of  the  corallum,  and  four  of 
the  septa,  of  shorter  length  than  the  others,  extend  into  it. 

Formation. — Lower  carboniferous. 

Locality. — The  figured  specimen  is  from  Ireland,  and  in  the 
Geological  Survey  Collection.  I  have,  however,  lately  discovered 
the  same  species  at  Brockley,  Lesmahagow,  Lanarkshire; 

From  the  above  descriptions  it  will  be  apparent  that  the 
structural  details  of  the  different  species  of  Cyathophyllum  indicate 
clearly  that  in  this  genus,  as  in  all  the  previous  genera,  there  are 
modifications  in  the  structural  details;  that  while  there  is  indicated 
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a  near  relationship,  yet  the  arrangement  of  these  details  point  to 
their  variable  character,  and  from  the  variability  of  these  details 
there  is  the  clearest  indication  of  wants  or  breaks  in  the  con- 
tinuity of  the  series.  Indeed,  if  my  time  would  have  admitted,  I 
could  have  included  other  forms  that  would  still  more  closely  unite 
the  series.  Meanwhile  the  evidence  offered,  along  with  that 
adduced  through  the  structural  details  of  allied  genera,  is  suffi- 
cient to  show  that  variation  is  abundantly  illustrated  in  every 
detailed  part  of  the  corallum,  and  gives  the  clearest  evidence  that 
each  variety  has  been  modified,  either  from  external  causes  affect- 
ing and  altering  the  soft  tissues  of  the  animal,  or  induced  by  other 
causes  which,  with  the  paucity  of  our  present  knowledge,  is  mean- 
while obscured. 

From  what  has  been  indicated,  it  will  be  apparent  that  in  the 
further  continuation  of  our  inquiry,  the  group  that  falls  to  be 
considered  is  more  or  less  related  to  the  latter,  by  the  system  of 
transverse  tabula  in  the  centre  of  the  corallites  and  their  compound 
astreaforni  communities,  and  which  include  the 

Genus  Phillipsastr.«a.    (Edwards  and  Haime.) 

Generic  Characters. — Comllum  compound,  and  formed  of  vertical 
cylindrical  corallites,  and  developed  by  fissiparity,  and  present 
astreaform  masses  of  varied  thickness,  and  in  slightly  concave 
groups,  from  two  lines  to  three  inches  in  thickness.  The  corallites 
radiate  with  uniform  divergence  from  the  primary  corallite,  which 
seems  to  have  been  attached  to  some  foreign  body.  The  epitheca 
is  thin,  and  marked  with  irregular  broad  aimulations  of  growth ; 
and  delicate  stria  radiate  from  the  central  parent  corallite  to  the 
circumference.  The  septa  are  bilamellar,  and  extend  to  irregular 
distances  outwards,  and  at  their  outer  extremities  they  are  more  or 
less  confluent.  I  have  not  detected  a  fossula.  In  some  forms  the 
septa  terminate  at  the  margin  of  the  central  area;  in  such  forms  the 
floor  is  occupied  with  flat  tabula.  In  another  variety  one  septum 
extends  into  the  centre,  and  is  seen  as  a  raised  ridge,  and  more  or 
less  clavate  at  its  inner  boundary.  In  another  vaiiety  the 
circumference  of  each  corallite  is  elevated,  and  is  therefore  mam- 
millated ;  and  there  is  a  prominent  columella,  and  its  superior 
extremity  is  raised  above  the  calicular  cavity. 

In  another  species  a  portion  of  the  septa  coalesce,  and  become 
more  or  less  fasciculate,  and  the  centre  of  each  fascicula  extend  into 
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the  centre  of  calice,  which,  in  a  longitudinal  section,  indicates  a 
pseudoKK>lumella.  In  a  longitudinal  section  the  tabula  extend 
across  the  central  area,  and  rests  laterally  upon  a  system  of 
elongated  convex  interlocular  dissepiments,  convexity  pointing 
inwards  and  upwards.  In  those  forms  which  in  some  of  the 
corallites  there  is  an  extension  of  a  septum,  the  tabula  here  and 
there  are  seen  to  bend  upwards,  and  to  curve  over  the  opposite 
tabula,  and  this  accounts  for  the  clavate  aspect  in  the  calicular 
cavity,  and  the  tabulae  are  therefore  more  or  less  irregular  in  their 
arrangement;  while  in  those  forms  in  which  the  septa  converge 
and  unite  in  the  centre  in  the  longitudinal  section,  in  the  central 
area  a  columellarian  line  is  developed,  indicating  a  near  relation- 
ship with  the  genera  Lithostroiionj  and  also  to  the  genus  Hetero- 
phyllum.  In  another  variety  the  columella  in  the  longitudinal 
section  extends  from  the  inferior  to  the  superior  extremity  of  the 
corallum,  and  the  tabulse  are  developed  on  either  side.  In  all 
cases  the  corallites  are  separated  by  a  broad  zone  of  minute 
vesicular  interaeptal  dissepiments,  which  are  developed  at  varying 
distances  apart. 

Phillipsastrcea  radiata.    (Edwards  and  Haime. ) 

Plate  IV.,  Fig8.  1,  1a,  and  1b. 

Specific  CJiaracters. — Corallum  composite,  in  broad  thick  astrea- 
form  masses,  and  composed  of  vei-tical  cylindrical  corallites  about 
two  lines  apart,  and  developed  by  fissiparity.  The  epitheca  is  thin, 
and  there  are  broad  irregular  annulations  of  growth  and  concentric 
stria.  The  calices  are  about  half-a-line  deep,  and  there  is  a  central 
compressed  prominent  columella  in  some  coralets.  The  septa 
are  confluent,  and  radiated  outwards  to  unequal  distances.  There 
are  thirty  septa  in  a  fully-developed  comllite,  which  are  united  by 
rectangular  interaeptal  dissepiments.  In  a  longitudinal  section 
the  tabula  are  irregular;  some  are  rectangular,  but  the  great 
proportion  are  bent  upwards  and  meet  in  the  centre,  and  form 
a  more  or  less  discontinuous  columella.  The  lateral  margins  of 
the  cylindrical  corallite  are  bounded  by  elongated  convex  cells, 
convexity  inwards  and  upwards,  and  the  interspaces  are  occupied 
with  convex  interseptal  dissepiments ;  and  opposite  the  base  of 
the  zones  of  the  up-curved  tabula  the  interseptal  dissepiments  are 
considerably  stouter,  thus  partitioning  the  periodic  zones  of  ir- 
regular tabula  into  periodic  intervals. 
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Height  of  corallum,  2  inches ;  diameter  of  caliee,  H  line. 
Formation.— 'Lo^'HY  carboniferous.* 

Locality. — Found  at  Blackridge,  Dumfriesshire,  in  the  shale 
that  is  interstratitied  with  the  thin  bands  of  limestone  in  which 
Frodtcctus  giganteum  are  found. 

This  is  the  only  locality  in  Scotland  in  which  I  have,  as  yet, 
discovered  this  genus,  and  it  is  somewhat  remarkable  that  all  the 
four  varieties  are  found  in  that  locality. 

This  being  the  only  species  figured,  1  will  briefly  summarise  the 
group  as  follows  : — 

(1)  In  one  variety  the  tabuhv  are  all  but  complete. 

(2)  In  Phillipsastrasa  radiata  the  tabula  are  irregular. 

(3)  In  Phillipsastrfpa  8p.(f)  the  tabuhe  are  more  or  less  divided 

by  a  pscudo  coluniellarian  line. 

(4)  In  Phillipsastrcea  tuherosa  the  corallum  is  mammillated,  and 

there  is  a  stout  laterally-pressed  columella. 

Thus  clearly  indicating  that  tlie  transitional  tendency  is  marked 
and  easily  distinguishable. 

As  regards  the  relationship  of  the  genus,  while  the  structui'al 
characters  indicate  its  polymorphic  nature,  the  group  is  dis- 
tinguished and  readily  recognized.  The  genus,  however,  may  be 
said  to  merge  and  unite  the  simple  tabulate  form  of  Thysanophyllum 
by  the  possession  of  the  central  tabulate  area,  and,  with  further 
development,  to  pass  by  minute  transition  into  the  development 
of  the  columella,  and  thus  unite  and  correlate  the  more  highly- 
developed  species  of  Phillipsa^fraa  with  the  species  of  Lithotstrotion 
in  which  the  columella  is  constantly  present ;  and  in  those  species 
in  which  a  portion  of  the  septa  converge  into  the  centre  of  the 
corallum  indicates  a  near  alliance  with  the  astreaform  species  of 
Cyathophyllnm  and  those  forms  in  which  the  tabuhe  bend  upwards 
and  coalesce  in  the  centre,  and  assume  a  pseudo  columellanan  road, 

"  This  liincstone  is  grouped  as  belougiug  to  the  calciferous  saudstoue 
bcries  l)y  the  Ueological  Survey.  I,  however,  venture  to  assert  that,  if  the 
beds  are  intercalated  with  the  calciferous  sandstone  (?)  the  discovery  of 
ProthictHs  f/igantf  and  the  varied  forms  of  coralline  remains  that  I  have 
found  there,  is  a  discovery  which  calls  for  greater  [>rominence  than  has  yet 
been  given  to  it. 
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indicates  a  transitional  tendency  in  those  tabulae  which  converge 
upwards  and  inwards,  and  at  their  inner  ends  coalesce  and  form 
the  conical  boss,  as  in  the  genus  Lonsdalia ;  therefore  I  regard  each 
of  those  structural  characteristics  as  indicating  a  marked  and  distinct 
tendency  to  variation,  and  indicating  the  polymoi'phic  character  of 
the  genus,  which,  with  further  development,  will  merge  and  unite 
the  surrounding  and  allied  genera  into  a  varied  series  of  more 
highly-developed  organisms,  and  fully  demonstrate  the  all  but 
complete  proposition  that  in  every  group  there  is  evolutionary 
tendencies  which,  if  we  were  in  full  possession  of  all  the  facts, 
would  indicate  very  clearly  the  innate  tendency  to  variation,  and 
that  each  modification  indicates  a  progressive  development. 

In  the  successive  stages  of  our  inquiry  I  have  introduced  a  series 
of  structural  details,  varied  in  themselves,  and  have  shown  that 
each  new  detail  alters  and  affects  not  only  the  internal,  but  equally 
influences  the  external  aspects  of  each  group  in  which  these  modi- 
fications are  found.  I  shall  now  briefly  refer  to  the  genus 
Lithostrotion  (Luid) — the  varieties  of  which  has  provoked  a  greater 
variety  of  generic  nomenclature  than  has  fallen  to  the  lot  of  any 
other  group  of  these  organic  remains.  But  from  the  fact  that 
Luid  established  in  1699  the  generic  name  of  Lithostrotion  to 
include  one  species,  whose  structural  details  indicate  a  relationship 
of  a  varied  character,  I  cordially  agree  with  M.  Edwards  and  J. 
Haime  in  grouping  the  series  as  belonging  to  that  genus,  a  priori 
clearly  precluding  any  other  classification. 

Genus  Lithostrotion.  (Luid.) 

Plate  VIII.,  Figs.  4,  5.  6,  and  7. 

Generic  Characters. — Corallum  compound,  and  composed  of 
cylindrical  fasciculate  and  astreaform  colonies.  Their  develop- 
ment is  usually  by  latro-calicular  gemmation,  and  the  young  in  the 
cylindrical  fasciculate  varieties  grow  side  by  side  with  the  parent 
corallites,  and  are  more  or  less  apart.  In  the  astreaform  varieties 
gemmation  is  near  the  margin,  and  the  young  corallite  grows 
nearly  perpendicular,  and  becomes  polygonal  from  lateral  pressure. 
The  epitheca  is  of  variable  stoutness.  A  columella  is  always 
present,  which  in  a  longitudinal  section  is  seen  to  extend  from  the 
base  to  the  superior  extremity  of  the  corallum,  and  the  tabulse 
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extend  from  the  columella  to  the  wall,  while  in  some  forms  thej 
are  intercepted  by  a  zone  of  vesicular  tissue  that  surrounds  the 
periphery.  In  some  forms  the  tabulse  are  rectangular,  and  become 
more  or  less  convex,  and  in  others  the  columella  is  surrounded  by 
a  system  of  convex  cellular  tissue,  convexity  pointing  upwards  and 
outwards.  The  septa  are  of  two  orders,  and  of  variable  length. 
In  some  forms  the  primary  septa  extend  inwards  to  the  columella, 
whilst  in  others  they  stop  short  of  the  centre.  The  secondary  are 
minute.  In  some  species  they  are  united  by  interseptal  dissepi- 
ments, and  in  one  there  is  no  dissepiments  developed.  In  some  of 
the  species  the  septa  are  developed  along  the  superior  face  of  the 
tabulae,  whilst  in  others  they  extend  from  the  superior  to  the 
inferior  extremity  of  the  corallum. 

From  the  great  diversity  of  structural  charactei*s  referred  to 
above,  it  will  be  apparent  that  the  genus  includes  a  series  of  organic 
remains  of  an  extremely  varied  character,  which  induces  me  to  per- 
ceive how  naturally  several  of  the  authors  would  describe  some  of 
varieties  under  different  generic  names.  Indeed,  unless  a  series  of 
the  specimens  are  carefully  sectioned,  and  their  varied  tendencies 
are  minutely  studied,  such  might  be  expected,  as  a  considerable 
variety  of  them  indicate  such  a  close  affinity  to  other  allied  genera 
that  there  need  be  no  surprise  felt  at  the  variety  of  generic  names 
that  have  been  given  to  some  of  them  by  the  different  authors. 
To  enter  into  the  details  upon  which  each  author  established  their 
varied  opinions  is  more  than  our  space  will  admit  of;  meanwhile 
I  merely  wish  to  state  that  the  name  of  Lithodeiidron  was  given  to 
one  group  by  Professor  Phillips,  which  included  those  species  that 
are  in  fasciculate  masses.  These,  however,  possess  structural  char- 
acters which  are  more  or  less  found  throughout  the  series,  and  I 
therefore  feel  that  to  designate  the  genus  simply  from  the  fasciculate 
aspect  of  a  portion  of  them  leads  to  confusion,  and  I  believe  that 
the  classification  of  Edwards  and  Haime  is  confirmed  by  the 
structural  details  of  the  series. 

The  type  species  of  the  genus  Lithostrotion  is  lAth,  basaUifarm 
(Luid),  and  may  be  regarded  as  exhibiting  all  the  essential  charac- 
teristics of  the  genus.  I  will  therefore  give  a  specific  description 
of  that  species,  and  then  refer  to  the  Rpecific  difiference  of  each  of 
the  species  in  my  cabinet. 
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Lithoatrotion  haaaltiform,  (Luid.) 
Plato  VIII.,  Fig.  6. 

Specific  Characters. — Coralluni  compound,  with  astreaform,  pris- 
matic corallites,  in  dome-shaped  masses,  and  developed  by  latro-cali- 
cular  gemmation.  The  epitheca  is  thin,  and  there  are  longitudinal 
lines  and  encircling  lines  of  growth.  The  calice  is  deep,  and  the 
centre  is  occupied  by  a  laterally-compressed,  thin,  styliform  colu- 
mella. The  septa  are  thin,  and  of  two  orders.  The  primary  septa 
extend  to  near  the  centre  of  the  calicular  cavity,  and  the  secondary 
extend  inwards  for  half  the  length  of  the  primary,  and  each  is 
united  by  rectangular  interseptal  dissepiments.  The  corallites  are 
unequal  in  diameter.  In  a  corallite  five  lines  in  diameter  there 
are  twenty  primary,  and  these  alternate  with  an  equal  number  of 
secondary  septa.  In  a  longitudinal  section  the  columella  occupies 
the  centre  of  the  corallites,  and  the  up-curved  tabula  extends 
inwards  from  the  interseptal  loculi  to  the  columella  and  forms  the 
floor  of  the  calicular  cavity.  The  fossula  is  large,  and  three  of  the 
primary  septa,  of  shorter  length  than  the  others,  extend  into  it. 

Height  of  corallum,  variable ;  diameter — I  have  got  them  in 
groups  less  than  an  inch  up  to  1 1  feet. 

Formation, — Lower  carboniferous. 

Locality, — Found  at  Arbigland,  imbedded  in  the  shale  in  the 
centre  of  the  atoll  that  is  exposed  on  the  banks  of  the  Solway 
Frith. 

Lithostrotion  ensi/er. 

This  species  differs  from  the  preceding  by  the  shallow  and  less 
defined  calices.  The  columella  is  much  stouter  and  prominent, 
and  there  are  minute  spines  developed  laterally,  and  situated 
between  the  inner  ends  of  each  of  the  septa.  The  primary  septa 
extend  inwards  from  the  wall  to  the  columella.  The  fossula  is 
small,  and  a  primary  septum  extends  two-thirds  of  the  length  of 
the  others  into  it 

Formation. — Lower  carboniferous. 

Locality. — Found  in  the  centre  of  atoll,  at  Arbigland,  Kirkcud- 
brightshire. 

Lithostrotion  cyathophyllia.    (Thomson.)    Sp.  no  v. 

Specific  Characters. — Corallum  compound,  and  in  dome-formed 
masses ;  reproduction  by  calicular  gemmation.     The  corallites 
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are  small  and  astreaform.  The  calices  are  deep,  and  in  the  great 
majority  of  the  corallites  the  primary  septa  extend  into  the  centi-e, 
slightly  curve,  and  form  a  pseudo-columella.  In  others  the  inner 
ends  of  the  septa  meet,  coalesce,  and  form  a  minute  central  plate, 
and  therefore  may  be  regarded  as  an  indistinct  columella.  The 
epitheca  is  thin.  In  a  corallite  2^  lines  broad  there  are  eighteen 
primary  septa,  and  these  alternate  with  an  equal  number  of  second- 
ary septa,  which  extend  inwards  for  about  a  fourth  of  the  length 
of  the  primary.  At  their  inner  ends  they  bend  and  become 
attached  to  the  primary  septa,  and  each  is  united  by  rectangular 
interseptal  dissepiments.  In  some  of  the  corallites  a  portion  of 
the  primary  septa  are  intercepted  by  vesicular  tissue,  and  therefore 
do  not  reach  the  wall — a  characteristic  of  the  genus  Lonsdaleia. 
The  fossula  is  small,  and  one  of  the  primary  septa,  a  third  shorter 
than  the  others,  extends  into  it. 
Forma tion .  — Lower  carboniferous. 

Locality. — Found  in  the  centre  of  the  atoU,  at  Arbigland,  Kirk- 
cudbrightshire. 

A  portion  of  the  primary  septa  extending  in  to  the  centre  of 
the  calicular  cavity,  curving,  coalescing,  and  forming  a  pseudo- 
columella,  induces  me  to  regard  this  species  as  being  similar  to  the 
one  that  Professor  Pliillips  described  as  CynthophylJumhasaltiform. 

Lithoslrotion  septosum.  (M*Coy.) 

This  species  is  distinguished  from  the  preceding  by  its  large  flat 
calices  and  its  small  columella,  which  is  stout  in  the  middle  area 
and  acuminate  at  either  extremity  ;  also  by  its  bilanceolate  aspect. 
The  primary  septa  are  crenulate  and  more  numerous,  and  the 
secondary  septa  extend  further  inwards — usually  for  two-thirds  of 
the  primary — and  the  interseptal  dissepiments  are  angular  and 
more  numerous. 

Formation, — Lower  carboniferous. 

Locality. — Found  in  the  centre  of  the  atoll,  at  Arbigland,  Kirk- 
cudbrightshire. 

Lithostrotion  aranea. 

This  species  is  distinguished  from  the  preceding  by  its  large 
corallites,  and  its  fusiform  columella.  The  septa  are  slightly 
flexuous,  and  the  primary  septa  converge  inwards.    Some  of  them 


Mr.  Thomson  on  Corals  of  Carboniferous  System  of  Scotland.  401 


coalesce,  and  only  a  portion  of  thein  extend  to  the  columella.  The 
secondary  septa  extend  inwards  for  two-thirds  of  the  primary,  and 
each  is  united  by  rectangular  dissepiments,  which  are  numerous 
during  the  extension  of  the  secondary  septa ;  and  at  the  termination 
of  the  secondary  septa  a  dissepiment  on  either  side  curves  laterally, 
and  becomes  attached  to  the  primary  septa,  and  in  the  inner  area 
(interlocular)  the  dissepiments  are  sparse.  The  epitheca  is  stouter, 
and  the  fossula  is  small  and  indistinct. 
Formation. — Lower  carboniferous. 

Locality. — Found  inside  the  circle  of  the  atoll  at  Arbigland, 
Kirkcudbrightshire. 

Lithostrotion  clavatica,    (Thomson.)    Sp.  nov. 

Specific  Characters. —  Corallum  compound,  astreaform,  and  in 
dome-shaped  masses,  and  developed  by  latro-calicular  gemmation. 
The  calices  are  moderately  deep,  and  the  clavate  columella  is 
raised  above  its  floor.  The  calices  are  irregular  in  size,  and  when 
fully  developed  are  from  four  to  five  lines  in  diameter.  There 
are  twenty  primary,  and  these  alternate  with  an  equal  number  of 
secondary  septa.  The  primary  extend  into  the  columella,  and 
the  secondary  septa  extend  inwards  only  half  the  length  of  the 
primary,  and  each  is  united  by  rectangular  interseptal  dissepiments, 
which  are  dense  in  the  outer  half  and  few  in  number  in  the 
inner  half  of  the  septa.  The  fossula  is  large,  and  two  of  the 
primary  septa,  half  the  length  of  the  others,  extend  into  it 
The  epitheca  is  stout,  and  along  the  inner  margin  there  is  dense 
delicate  vertical  stria. 

Formation. — Lower  carboniferous. 

Locality. — Found  inside  of  the  circle  of  the  atoll  at  Arbigland, 
Kirkcudbrightshire. 

Litliostrotion  Flemingi. 

This  species  is  readily  distinguished  from  all  the  preceding. 
The  calices  are  moderately  deep,  and  from  about  two  to  three  lines 
in  diameter  in  the  large  and  full  grown  corallites.  The  septa  are 
numerous,  and  the  primary  extend  inwards  to  the  columella,  and 
the  secondary  converge  inwards  two-thirds  of  the  length  of  the 
primary  septa,  each  being  united  by  rectangular  interseptal 
dissepiments,  which  are  dense  in  the  outer  area  and  are  sparse  in 

Vol.  XIV.  2  v 


iO'2 


Philosophical  Society  of  Glasgow. 


the  inner  zone.  The  wall  is  stout.  The  fossula  is  small  and 
indistinct. 

Formation, — Lower  carboniferous. 

Locality, — Found  inside  the  circle  of  the  atoll  at  Arbigland, 
K  i  rkcudbrightshire. 

Lithostrotion  Portlocki. 
mate  VIII.,  Figs.  7  and  7a. 

This  species  is  distinguished  from  the  preceding  by  its  smaller 
corallites.  The  septa  are  less  numerous,  and  the  interseptal 
dissepiments  are  not  so  plentiful  in  the  outer  zone,  and  more 
numerous  in  the  inner  area;  and  the  primary  septa  convei-ge 
inwards  to  the  columella;  and  the  central  area  is  more  or  le&s 
vesicular;  and  a  portion  of  the  primary  septa  are  intersepted  at 
their  outer  ends  by  sparee  vesicles ;  and,  on  the  whole,  this  specie® 
approaches  more  closely  to  the  stractural  details  of  Lonsdaleia  flori- 
form  (M*Coy),  than  do  any  of  the  other  species  of  Lithostrotion. 

Formation. — Lower  carboniferous. 

Locality. — Found  in  the  inside  of  the  circle  of  the  atoll,  at 
Arbigland,  Kirkcudbrightshire;  and  at  Corrie  Burn,  Dumbarton- 
shire; and  Wistown,  Lanarkshire. 

Lithostrotion  M^Coyanum.    (Edwards  and  Haime.) 

This  species  is  considerably  more  delicate  than  Portlocki,  it« 
nearest  ally.  The  septa  arc  more  numerous  in  propoirtion  to  the 
size  of  the  corallite,  and  are  more  or  less  crenulate.  The  primary 
converge  into  the  centre,  and  are  attached  to  the  minute  columella. 
Tlie  wall  is  much  stouter,  and  the  corallites  are  considerably  smaller. 
Upon  the  whole,  it  is  i-eadily  distinguished  from  all  the  other 
species  by  characters  of  a  marked  nature. 

Formation. — Lower  carboniferous. 

/locality,  —Found  at  Blackridge,  Dumfriesshire,  where  it  is 
abundant  and  in  great  masses ;  and  at  Catcraig,  near  Dunbar, 
Haddingtonshire. 

I  shall  now  briefly  njfer  to  the  structural  details  of  the  fasciculate 
varieties. 
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Lithoatrotion  junceum.    (Fleming. ) 
Plate  VIII.,  Figs.  4  and  4a. 

Specific  Characters. — Corallum  compound,  cylindrical,  and  not 
unfrequently  found  in  dense  fasciculate  masses.  In  several  localities 
it  is  found  in  I'eefs  of  large  dimensions.  Reproduction  is  by  latro- 
calicular  gemmation,  and  the  comllites  are  long  and  slender,  and 
usually  about  a  line  in  diameter.  The  calices  are  shallow,  and  the 
primary  septa  extend  inwards  along  the  superior  face  of  the  tabula 
to  near  the  centre,  where  they  coalesce,  and  a  few  of  them  are 
united  with  the  minute  columella.  If,  however,  a  section  is  made 
through  the  tabulie,  the  septa  are  not  observable.  The  septa  are 
of  two  orders — the  secondary  are  minute,  and  there  are  no  inter- 
septal  dissepiments.  The  tabulse  are  more  or  less  convex  near  the 
columella,  and  at  their  outer  ends  they  bend  downwards  and  become 
united  to  the  wall.  A  septal  fossula  is  indicated.  The  columella 
in  a  longitudinal  section  is  exposed,  extending  from  the  inferior  to 
the  superior  extremity  of  the  corallum.  If,  however,  a  section 
is  made  a  little  off  the  centre,  it  is  not  observable.  The  epitheca 
is  stout,  and  there  are  prominent  encircling  lines  of  growth. 

Height  of  corallum,  variable — I  have  some  corallites  3  inches  ; 
diameter,  1  line. 

Formation. — Lower  carboniferous. 

Locality. — Found  at  Brockley,  Braidwood,  and  Wis  town,  Lan- 
arkshire ;  Bathgate,  Linlithgowshire ;  Catcraig,  Dunbar,  and 
Aberlady  Bay,  Haddingtonshire,  where  it  is  in  great  reefs;  and 
Asheyburn,  Muirkirk,  where  the  reefs  are  of  gigantic  proportions. 
Indeed,  the  species  is  found  throughout  Scotland  in  and  under  the 
main  limestone  in  all  the  beds  but  the  lowest.  I  have  not  found 
it  in  that  bed. 

Lithostrotion.    Sp.  i 

This  species  differs  from  the  preceding  in  the  corallites  being 
fully  more  than  a  half  larger,  and  there  are  interseptal  dissepi- 
ments, and  the  tabula  in  a  longitudinal  section  are  alternate,  and 
extend  inwards  and  upwards  at  an  acute  angle  to  the  columella. 
The  columella  is  much  stouter,  and  in  the  transverse  section  the 
primary  septa  extend  inwards  to  the  stout  columella.  The 
secondary  septa  are  minute,  and  each  is  united  by  interseptal 
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dissepiments ;  and,  upon  the  whole,  the  structural  details  indicate 
a  near  alliance  to  the  structural  characters  of  Lithostrotion 
Portlocki.  It,  however,  differs  in  being  fasciculate  and  wide  apart, 
and  the  secondary  septa  are  never  so  long  as  in  Liihostroiion 

Portlocki. 

Funmtion. — Lower  carboniferous. 

Loco  I  it  tj. — Found  at  Meadowfoot,  near  Drumclog,  Ayi'shire. 

lAthostrotion  irregulare.  (Phillips.) 

This  species  differa  from  all  the  others  by  its  short  septa,  which 
never  reach  the  centre  of  the  calicular  cavity;  the  centre  is 
occupied  with  flat  tabula?,  and  there  is  a  laterally-compressed 
columella,  and  the  longitudinal  section  exposes  the  thin  columella 
extending  through  the  flat  tabuhe,  which  occupies  nearly  two-thirds 
of  the  total  tliameter  of  the  coralluni,  and  at  about  a  fourth 
of  their  width  they  bend  acutely  downwards,  and  rest  upon  the 
iuterlocular  tissue.  The  wall  is  stout,  the  corallites  cylindrical, 
fasciculate,  and  irregular. 

Formation, — Lower  carboniferous. 

Locality. — Found  at  Roughwood,  Beith,  Ayrehire;  and  Corrie 
Burn,  near  Kilsyth,  Dumbartonshire. 

lAthostrotioii  Martini    (Edwards  and  Haime.) 

Thi.s  species  is  readily  distinguished  by  the  size  of  the  corallites, 
which  are  froni  6  to  6  lines  in  diameter,  the  broad  tabulee,  and  the 
small  compressed  columella.  The  pnmary  septa  extend  inwards 
for  about  a  fourth  of  the  total  diameter  of  the  corallum,  and  the 
secondary  septa  about  half  the  length  of  the  primary,  and  each  is 
united  by  interseptal  dissepiments.  In  a  longitudinal  section,  the 
tabulse  are  flat  in  the  centre,  bend  down  at  their  lateral  margins, 
and  rest  upon  the  vesicular  tissue  in  the  peripheral  zone,  and  are  a 
line  apart. 

Formation. — Lower  carboniferous. 

Locality. — Found  at  Arbigland,  Kirkcudbrightshire,  and  is 
one  of  the  species,  with  others,  that  form  one  of  the  fringing  reefs 
around  the  atoll  of  that  locality. 

Litkostrotion  Phillipsi.    (Edwards  and  Haime.) 
Plate  VIII. ,  Fig.  5. 
This  species  is  tall,  cylindrical,  and  fasciculate,  and  is  never  so 
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large  as  the  preceding,  and  are  frequently  coalescent.  The  septa  do 
not  extend  so  far  into  the  centre;  the  columella  is  stouter;  the 
tabulae  rest  upon  the  vesicular  tissue  in  the  peripheral  zone.  They 
bend  upward,  then  become  concave,  and  bend  upwards  at  their  inner 
ends,  and  are  attached  to  the  stout  columella.  It  differs  from 
Lith.  Martini,  its  nearest  ally,  by  its  smaller  corallites,  its  stouter 
columella,  and  the  concave  tabula?. 
Formation.  — Lower  carboniferous. 

Locality,  —  Found  at  Arbigland,  Kirkcudbrightshire.  This 
species  is  intermixed  with  others  which  go  to  form  one  of  the 
encircling  reefs  around  the  atoll  of  that  locality. 

The  genus  Lithostrotion  is  such  a  comprehensible  and  variable 
one,  that  I  have  thought  it  advisable  to  give  a  brief  account  of  the 
more  important  structural  characters.  By-and-by  I  purpose  to 
delineate  the  series,  and  give  a  detailed  description  of  each  of  the 
species;  meanwhile,  I  will  summarise  those  structural  details 
which  indicate  transitional  tendency. 

(1)  The  genus  Lithostrotion  resembles  Diphyphyllum  in  the 
external  appearance — indeed,  some  of  the  species  of  the  latter  are 
often  confounded  with  the  former.  In  the  latter  genus,  however, 
there  is  never  a  columella,  and  the  short  septa  always  leave  a 
conspicuous  central  tabulate  area  uncovered  and  exposed  to  view, 
so  that  there  need  be  no  misunderstanding  or  confounding  Diphy- 
phyllum with  LithostrotioHf  except  as  regards  the  fasciculate 
aspect.  If,  however,  a  transverse  section  is  examined  they  are 
readily  distinguished  by  their  structural  details. 

(2)  Lithostrotion  jimceum  indicates  a  transitional  tendency 
towards  the  genus  Heterophyllum  by  the  coalescence  of  a  portion  of 
the  primary  septa  and  the  extension  of  a  portion  of  them  to  the 
centre.  From  Heterophyllum  it  is  at  once  distinguished  by  the 
cylindrical  corallites  and  the  fasciculate  compound  communities. 

(3)  In  Lith.  basaUiform  and  Lith.  Parthcki  there  is  indicated 
in  the  cellular  tissue  around  the  columella  a  near  relationship  to  the 
genus  Lonadaleia.  In  Lith.  Fo^'tlocki  there  is  a  system  of  convex 
cells  that  surround  the  columella — convexity  pointing  upwards  and 
inwards — somewhat  similar  to  the  cellular  tissue  that  is  found  in 
the  central  area  of  Lonsdaleia,  and  in  both  genera  there  is  the 
central  columellarian  rod,  characters  which  induced  Prof.  Fleming 
to  include  Lonsdaleia  Jlori/ormis  as  belonging  to  Lithostrotion. 
In  Lonsdaleia  the  extension  of  the  septa  outwards  to  the  wall  is 
interfered  with  by  the  presence  of  a  zone  of  vesicular  tissue  around 
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the  periphei-al  zone.  In  LitL  basaltiform  and  lAth,  Portlocki 
there  is  a  transitional  tendency  to  the  out^r  zone  of  vesicular  tissue 
indicated  by  the  fact  that  a  few  of  the  septa  are  intercepted  by  a 
convex  cell — convexity  pointing  inwards,  as  in  Lonsdaleia — and  I 
believe  other  forms  wait  sectioning  to  exhibit  a  more  intimate 
relation  between  those  genera. 

(4)  From  the  fact  that  the  primary  septa  in  a  number  of  the 
corallites  extend  inwards,  curve,  and  unite  at  their  inner  ends — 
which  is  the  essential  structural  character  of  the  genus  CytUho- 
phyllum — implies  that  in  this  species  a  portion  of  the  corallites 
exhibits  a  modified  condition  of  the  genus  C yailiophyUv/iny  and 
that  the  tendency  is  to  merge  and  unite  those  genera,  and  illustrates 
the  opinion  that  it  is  difficult  to  define  the  line  of  demarcation 
l)etween  even  genera. 

(5)  In  Lith  clavatica  the  extension  of  one  of  the  septa  to  the 
clavate  columella  is  similar  to  the  sti*uctural  character  which 
induced  Edwards  and  Haime  to  found  the  genus  Lophophyllum, 
In  the  latter,  however,  there  is  never  tabulee  present  in  the  central 
area.  The  inner  ends  of  the  septa  extend  uninterruptedly  firom 
the  inferior  to  the  superior  extremity  of  the  corallum,  while  in 
Lithostrotion  there  is  always  tabulae  present. 

It  will  thus  be  apparent  that  amongst  the  species  of  this  genus 
there  are  structural  details  of  an  extremely  diverse  character, 
including  species  whicli  illustrate  their  i>olymorphic  tendencies, 
and  indicates  that  variation  is  so  persistent  that,  in  tracing  by 
means  of  these  minute  transitions,  there  is  no  limit  to  the  endemic 
tendency  to  modification.  In  this  group,  as  in  all  the  others, 
there  is  a  more  or  less  near  alliance  throughout  the  entire  series 
of  these  organic  remains.  As  we  have  seen,  the  genus  Litho^otion 
is  more  or  less  related  to  the  genus  Lonsdaleia,  I  will  therefore 
briefly  trace  how  far  the  structural  characters  of  that  genus  bear 
out  the  genei-al  proposition  that  reproduction  aad  variation  is  the 
ultimate  of  universal  law  and  order. 

Oomip  LoxsDALKiA.  (M'Coy.) 

Plate  IX.,  FigP.  1,  2,  and  ^. 

(reneric  Characters. — Corallum  compound,  fasciculate  or  astrea- 
form,  and  developed  by  calicular  gemmation.  The  epitheca  is 
stout.  There  is  a  circumferential  zone  of  irregular  convex  vesi- 
cular tissue,  convexity  pointing  inwards,  through  which  the  septa 
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never  extend  to  the  wall  The  calice  is  deep,  and  in  the  centre 
of  its  floor  there  is  a  conical  boss,  formed  by  a  system  of  lamellss, 
which  are  united  by  interlamellar  dissepiments,  which  in  a  longi- 
tudinal section  are  exposed  as  elongated  convex  cells,  convexity 
pointing  outwards.  At  their  inner  ends  they  converge,  and 
become  united,  and  form  a  pseudo  columella. 

The  corallum  in  Lonsdnleia  is  in  compound  masses,  and,  in 
favourable  circumstances,  may  be  traced  from  the  parent  corallite, 
and  the  young  corallites,  being  developed  by  calicular  gemma- 
tion, are  seen  arising  in  the  outer  zone  of  vesicular  tissue,  and 
growing  uninterruptedly  upwards.  In  some  forms — as  Lon. 
duplicata  (Mart.) — the  corallites  always  remain  free  laterally.  In 
others — as  Lon.  floriformis  (Flem.) — they  become  united  laterally, 
and  assume  a  polygonal  form  from  lateral  pressure  (Plate  IX.,  Fig. 
3);  whilst  in  Lon.  rugosa  (M'Coy)  there  is  an  intermediate  state 
of  parts,  and  the  corallites,  although  more  or  less  free  laterally, 
sometimes  become  partially  amalgamated  (Plate  IX.,  Fig.  1). 

The  structural  details  of  the  genus  Lonsdaleia  are  so  well  marked 
that  there  is  little  chance  of  its  being  confounded  with  any  other. 
From  Lithostrotion  it  is  at  once  distinguished  by  the  fisict  that  the 
septa  are  not  in  direct  connection  with  the  outer  wall.  This  is 
not,  however,  confined  to  Lonsdaleia.  In  the  preceding  pages  we 
found  that  in  the  genus  Thysanophylluin  a  similar  vesicular  tissue 
intercepted  the  extension  of  the  septal  system.  In  the  latter  genus, 
however,  there  is  no  columella,  and  the  central  area  is  occupied 
with  irregular  tabulte.  In  Lonsdaleia  the  central  area  in  a 
transverse  section  is  occupied  by  a  system  of  lamella^  and  united 
by  interlamellar  dissepiments,  and  in  a  longitudinal  section  the 
interlamellar  dissepiments  are  exposed  as  strongly  arched  plates, 
the  convexities  of  which  are  pointed  upwards  and  outwards  (Plate 
X.,  Fig.  1).  They  unite  at  their  inner  ends,  and  foim  a  pseudo- 
columellarian  line,  and  the  floor  of  the  calicular  cavity  is  occupied 
by  a  conical  boss,  and  the  lamellae  are  exposed  extending  from  the 
inner  ends  of  the  septa,  and  converging  upwards  and  inwards  to 
the  apex  of  the  conical  boss  (Plate  IX.,  Fig.  2).  It  will  thus  bo 
apparent  that,  while  Jjonsdaleia  has  relationships  with  the  genera 
Tliysanophyllum  and  with  Lithostrotion^  it  is  separated  from 
these  genera  by  the  possession  of  the  lamellae — interlamellar  dissepi- 
ments in  a  tran verse  section — and  the  floor  of  the  calice  is  occupied 
by  a  conical  boss,  and  the  more  massive  form  of  the  corallum. 
With  our  present  knowledge,  the  nearest  ally  of  Lonsdaleia  is  the 


408 


Philosophical  Society  of  Glasgow. 


genus  Clisiophyllmn  (Dana).  Indeed,  it  may  be  said  to  form  an 
intermediate  group  between  Clisiophyllum  on  the  one  side,  Lithos- 
trotion  on  the  other,  and  related  to  the  genus  TliysanophyUum  by 
the  possession  of  the  zone  of  vesicular  tissue  that  intercepts  the 
extension  outwards  of  the  septal  systems. 

Lonsdnleia  rugosn,  (M*Ck)y.) 
Plate  IX.,  Figs.  1  and  2. 

Specific  Cliaracters. — Corallum  comiK)und  and  in  fasciculate 
masses.  Gemmation  is  latro-calicular,  and  the  young  corallites 
emerge  through  the  wall,  and  grow  alongside  of  the  parent,  and 
in  some  instances  they  are  fused  together  (Plate  IX-,  Fig.  1,  Id, 
1e,  and  If.  The  epitheca  is  stout,  and  there  are  irregular  and 
broad  annulations  of  growth.  The  calice  is  moderately  deep,  and 
its  floor  is  occupied  by  an  acute  conical  boss,  formed  of  lamellse, 
which  extend  inwards  and  upwards  to  the  apex,  and  each  is  united 
by  interlamellar  dissepiments.  The  septa  are  lamellar,  and  of 
two  orders,  and  their  extension  outwards  is  intercepted  by  a  broad 
zone  of  irregular  cellular  tissue,  and  CAch  is  united  by  interseptal 
dissepiments,  which  arc  sparse.  In  Fig.  2  may  be  seen  the 
different  stages  of  development,  from  the  simple  cell,  situated  in 
the  vesicular  tissue  near  the  periphery,  and  may  be  traced  to  the 
mature  corallite.  The  longitudinal  section  exhibits  the  convex 
cells  in  the  central  area,  the  concave  tabulae  in  the  intermediate 
(interlocular)  area,  and  the  irregular  vesicular  tissue  in  the  outer 
zone. 

Formatio  n, — Lower  carbon  if erous. 

Locality. — Found  at  Boghead,  Lesmahagow,  Lanarkshire. 

Lomdahia  duplicata. 

This  species  is  of  smaller  dimensions,  the  septa  extend  consider- 
ably further  outward  towards  the  wall,  and  are  therefore  longer, 
and  the  interseptal  dissepiment  are  more  numerous,  and  in  the 
earlier  stages  of  development  the  centre  is  tabulate,  and  with 
further  development  the  lamella  are  at  first  seen  as  lateral  points, 
and  which  become  enlarged  as  the  corallite  becomes  more  developed, 
and  ultimately  a  conical  boss  is  apparent.  The  corallites  are 
usually  free  laterally,  and  grow  side  by  side  in  compound  fasciculate 
communities.    This  species  is  rare  in  Scotland. 
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Formation, — Lower  carboniferous. 

Locality, — Found  at  Glenmuirshaw  Water,  near  Muirkirk,  Ayr- 
shire. 

Lonsdaleia  floriformis.  (Fleming.) 
Plate  IX.,  Fig.  3. 

This  species  is  distinguished  from  all  the  other  species  of  the 
genus  by  the  fact  that  the  corallites  are  always  of  smaller  dimensions, 
and  the  walls  are  fused  by  lateral  pressure,  and  is  usually  found  in 
compact  masses,  and  a  portion  of  the  septa  extends  to  the  wall,  and 
is  therefore  nearly  allied  to  some  of  the  species  of  Lithoatrotion. 
Indeed,  the  similarity  is  so  great  that  it  was  regarded  as  belonging 
to  that  genus  until  M*Coy  created  the  genus  Lonsdaleia^  with 
which  it  has  closer  affinities.  It,  however,  may  be  regarded  as 
having  a  more  or  less  intermediate  position  between  the  genus 
Litliostrotion  and  that  of  Lonsdaleia,  and  therefore  further  illus- 
trates the  proposition  that  variation  is  universally  apparent 
throughout  the  entire  series,  and  that  development  induced  by 
causes  of  a  varied  character  has  produced  modifications  which 
diverge  in  all  directions,  and  which  bridge  and  unite  generic  rela- 
tions by  almost  imperceptible  gradations. 


Koninckophylhim.    (Nicholson  and  Thomson.) 

The  genus  Lonsdaleia ,  while  it  presents  an  intimate  and  inter- 
mediate relation  to  the  genus  Thysanophyllum  and  Lithostrotian, 
is  more  or  less  related  to  the  compound  forms  of  Konincko- 
phyllum,  by  the  possession  of  a  central  columellarian  rod  and  the 
development  being  by  latro-calicular  gemmation,  and  therefore  in 
compound  fasciculate  communities.  It  is,  however,  separated 
from  the  latter,  from  the  fact  that  in  the  latter  the  central  area  is 
occupied  by  tabulae,  while  in  Lonsdaleia  the  central  area  is  com- 
posed of  lamellae  and  vesicular  tissue.  There  is,  however,  an 
intimate  relation  between  the  larger  species  of  the  genus  Litho- 
strotian  and  that  of  the  compound  forms  of  Koninckophyllum, 
The  latter,  however,  is  always  distinguished  by  the  further 
extension  inwards  of  the  septa,  and  the  more  densely-developed 
interseptal  dissepiments  in  the  peripheral  zone.  It  is,  how- 
ever, separated  by  the  introduction  of  structural  modifications 
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of  a  very  important  and  fundamental  character.  In  LiihostroUon 
the  floor  of  the  calice  is  more  or  less  occupied  by  tabulae  with  a 
central  rod.  In  the  genus  K'&ninckophyllum  there  is  introduced  a 
series  of  radiating  plates  from  the  columella  outwards,  which 
are  clearly  seen  to  pass  through  a  series  of  modifications,  and 
ultimately  to  merge  into  lamellae,  and  the  interlamellar  dissepi- 
ments are  developed,  and  thus  indicate  and  present  structural 
characters  which  show  clearly  a  series  of  transitions  from  between 
the  more  highly  developed  forms  of  Lithostrotionj  and  an  intimate 
relation  to  the  genus  Lonsdaleia  by,  first,  the  compound  fasciculate 
colonies,  and,  second,  by  the  development  of  the  lamella  in 
the  central  area,  and  may  thus  be  regarded  as  a  central  group 
which  diverge  in  varied  directions^  and  which  can  be  shown  to 
diverge  into  a  genus,  whose  structuml  details  are  very  dissimilar 
to  either  of  the  groups  above  referred  to,  which  will  be  more  fully 
referred  to  when  I  have  occasion  to  notice  the  structural  characters  of 
the  simple,  as  well  as  the  compound  forms  of  the  genus  Konincko- 
phyllunij  and  which  fall  to  be  noticed  with  the  genera  whose 
structural  details  warrant  us  in  regarding  the  series  as  belonging  to 
the  Actinozoa.  Meanwhile,  with  our  present  knowledge,  the  com- 
pound form  of  Koninckophylhcm  may  be  regarded  as  possessing 
structural  details  which  sliow  clearly  that  modification  is  endemic, 
not  only  in  species  and  genera,  but  also  in  families.  In  the  great 
majority  of  the  preceding  genera  we  found  the  septal  system 
developed  and  extending  along  the  superior  face  of  the  tabular. 
In  this  and  the  preceding  genus  the  septa  extend  more  or  less 
from  the  inferior  to  the  superior  extremity  of  the  corallum,  and 
therefore  may  be  regarded  as  an  intermediate  series  that  unites 
the  Zoantharin  rugosa  to  that  of  the  Actiiwzoa.  In  this,  as  in 
many  of  the  groups,  I  am  satisfied  that  other  and  more  intimate 
forms  will  yet  be  discovei-ed,  which  will  unite  them  even  more 
closely,  and  clearly  show  that  modification  and  development  is 
and  has  been  the  resultant  of  universal  law. 

ACTINOZOA  RUGOSA. 

The  Actinozoa  includes  those  groups  in  which  reproduction  is  by 
ova  that  are  developed  in  the  mesenteric  folds  of  the  interlocular 
area,  and  which  are  ejected  from  the  mouth,  and  when  fully 
developed,  remain  simple  and  free,  and  secrete  a  continuous  skele- 
ton.   The  floor  of  the  calice  is  closed  in  by  septa,  lamellfe, 
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interseptal  and  interiamellar  dissepiments,  and  the  septa  and 
lamellie  extend  uninterruptedly  from  the  base  to  the  superior 
extremity  of  the  eorallum,  and  are  therefore  essential.  Those 
belonging  to  the  carboniferous  system  include  a  variety  of  simple 
forms  of  an  extremely  varied  character,  and  throughout  the  series 
the  transitional  tendencies  are  so  constant  and  the  variations  so 
minute,  that  in  many  of  them  there  is  great  difficulty  in  defining 
their  classificatory  position.  Indeed,  after  years  of  careful  observa- 
tion, I  have  a  large  series  of  sectioned  specimens  that  have  not  yet 
found  a  place  as  belonging  to  any  definite  genus.  Those  forms 
that  I  have  grouped  into  genera  and  species  present  characters 
which  seemed  to  me  to  warrant  their  classification.  These  genera 
and  species  are  surrounded  by  varieties  which  are  united  by 
structural  details  of  an  extremely  minute  character.  Many  of 
these,  if  examined  by  themselves,  present  generic  relations  of 
a  very  pronounced  nature,  but,  when  compared  with  a  series,  even 
their  generic  relations  becomes  a  matter  of  doubt.  But  in  order 
that  there  should  be  some  systematic  ground  plan,  I  have  selected 
those  forms  whose  structural  details  warrant  their  being  classed  as 
having  generic  I'elations,  and  that  have  central  types  which  include 
forms  that  diverge  in  both  directions,  and  theii'  specific  dis- 
tinction upo^  their  relative  parts,  and  which  include  twenty- 
two  genera.  The  generic  characters  I  shall  now  describe,  and 
note  briefly  a  few  of  their  specific  relations,  and,  as  far  as  my 
investigations  will  admit  of,  refer  to  the  polymorphic  tendencies 
of  the  different  groups. 

As  pointed  out  at  page  405,  the  genus  Heterophyllia  was  more  or 
less  related  to  the  genus  LMostrotion,  by  the  fact  that  in  Lith, 
juncetivi  (Flem.)  the  septal  system  extended  from  the  wall  inwards. 
They  then  coalesced,  and  a  portion  of  them  extended  in  to  the 
centre  of  the  eorallum,  and  their  union  gave  rise  to  the  columella — 
a  structural  detail  which  is  characteristic  of  some  of  the  species  of 
Heterophyllia. 

Genus  Heterophyllia.  (M*Coy.; 

Gemric  Characters. — Corallum  simple,  tall,  cylindrical,  and 
tapering  to  a  point  near  the  base,  and  fluted,  and  some  forms  are 
twisted.  The  epitheca  is  stout,  and  in  some  forms  there  are  irre- 
gular, broad  annulations  of  growth.  The  calice  is  shallow,  and 
the  septa  are  everted,  and  at  their  inner  ends  the  centre  of  the 
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caliciilar  cavity  is  slightly  depressed.  The  septa  are  lamellar, 
and  extfend  from  the  wall  to  near  the  centre,  where  they  coalesce 
into  fasciculate  groups,  and  the  central  septum  in  each  fascicle 
extends  inwards  to  the  centre,  and  forms  a  pseudo-columeUa.  The 
centre  differs  in  the  structural  details  in  most  of  the  species.  The 
longitudinal  section  exposes  in  some  species  one,  in  others  two, 
and  in  others  three  columellarian  lines,  united  by  minute  trans- 
verse tabulae,  and  there  is  a  system  of  tabulse  on  either  side  of 
the  columellarian  ai^a,  which  are  more  or  less  convex,  convexity 
pointing  upwards  and  outwards;  and  at  the  outer  margins  they 
bend  downwards  and  are  attached  to  the  wall,  in  some  species, 
and  in  others  rest  upon  minute  vesicular  tissue  in  the  peripheral 
area.    There  is  a  septal  fossula  in  the  large  varieties. 

Heterophyllia  grandis.  (M*Coy.) 
Plate  X.,  Figs.  15,  15a,  16,  and  16a. 

Specific  Characters » — Corallum  simple,  tall,  cylindro-conical,  and 
twisted.  The  epitheca  is  stout,  and  marked  with  flexuous  longi- 
tudinal ridges,  and  broad,  irregular  annulations  of  growth.  The 
calice  is  shallow.  The  septa  are  everted,  and  bend  slightly  down- 
wards at  their  inner  ends.  In  a  transverse  section,  3^  lines  in 
diameter,  there  are  twenty-four  septa,  which  are  irregular  in  their 
extension  inwards,  and  near  the  centre  they  coalesce  and  form 
fasciculate  groups,  and  the  central  septum  in  each  fascicle  extends 
into  the  centre.  There  they  coalesce  and  form  a  psuedo-columella, 
and  each  is  united  by  interseptal  dissepiments,  which  are  minute  near 
the  periphery,  and  larger  and  fewer  in  number  near  the  central 
area.    The  fossula  extends  into  the  centre  of  the  calicular  cavity. 

The  longitudinal  section  is  triareal.  The  outer  area  is  occupied 
with  a  narrow  zone  of  minute  convex  vesicular  cells,  convexity 
inwai'ds.  The  intermediate  ("  interlocular")  area  is  occupied  with 
broad  convex  tabula*,  which  are  united  to  the  outer  columellarian 
rods,  and  at  their  outer  ends  they  bend  down  and  rest  upon  the 
zone  of  vesicular  tissue  in  the  peripheral  zone.  In  the  central  are 
three  crenulate  columellaiian  rods,  and  these  are  united  by  minute 
rectangular  tabula?. 

Formation. — Lower  carboniferous. 

Locality, — Found  at  Oharlestown,  Fifeshire,  in  the  shale  that 
overlies  the  thick  bed  of  limestone. 
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Heterophyllia  Phillipsia.  (Thomson.) 
PUte  X.,  Fig.  14. 

This  species  is  distinguished  from  the  preceding  by  the  dense 
zone  of  interseptal  dissepiments  in  the  peripheral  zone,  and  the  outer 
margins  of  the  septa  are  much  stouter,  and  the  epitheca  is  much 
stouter,  smooth,  and  there  are  shallow  and  broad  annulations  of 
growth  and  faint  longitudinal  ridges. 

Formation. — Lower  carboniferous. 

Locality.  — Found  at  Charlestown,  Fifeshire,  in  the  same  horizon 
as  the  preceding. 

Heterophyllia  yranulata.  (Duncan.) 
Plate  X.,  Figs.  19,  19a,  19b. 

This  species  is  characterized  by  the  stout,  flexuous  vertical 
ridges,  and  the  dense  granular  epitheca,  and  in  the  longitudinal 
section  the  tabulae  are  fewer  in  number,  and  the  central  (columel- 
larian)  area  is  not  so  broad. 

Formation  atid  Locality. — Same  as  the  preceding. 

Heterophyllia  ayigulata.  (Duncan.) 

Plate  X.,  Figs.  18  and  18a. 

This  species  is  distinguished  from  the  preceding  by  the  fact  that 
it  is  never  so  stout.  The  longitudinal  ridges  are  represented  by 
fine  lines;  the  epitheca  is  smooth;  the  tabulae  are  not  so  numerous, 
and  are  concave.  The  central  area  is  broader,  and  the  interlamellar 
tabulae  ai'e  less  numerous.  Upon  the  whole,  the  structure  is  less 
dense. 

•   Formation. — Lower  carboniferous. 

Locality. — Found  in  the  dark  shale  that  overlies  the  thin  beds 
of  limestone  at  Brockley,  Lesmahagow,  Lanarkshire. 

Heterophyllia  M*Coyi.  (Duncan.) 

Plate  X.,  Figs.  21,  21  A,  21b,  and  21c. 

This  species  is  considerably  smaller,  and  hexagonal.  The  longi- 
tudinal ridges  are  opposite  each  angle,  and  the  septa  converge 
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inwards  from  the  angles  of  the  wall  and  unite  in  fascicles  of  three, 
and  the  central  septum  of  each  fascicle  extends  inwards  and  unites 
in  the  centre  of  the  corallum.    The  epitheca  is  smooth,  and  the 
ridges  are  indistinctly  grooved. 
Formation. — Lower  carbonif erou s. 

Locality. — Found  at  Brockley,  Lesmahagow,  Lanarkshire,  and 
Cunningham  Baidland,  Ayrshire. 

lleierophyllia  Sedyioicki.  (Duncan.) 

Plate  X.,  Figs.  17  ami  17a. 

The  species  is  separated  from  the  preceding  by  the  possession 
of  secondary  septa.  There  are  ten  primary,  and  these  alternate 
with  an  equal  number  of  secondary  septa.  The  corallum  is 
cylindrical.  The  epitheca  is  smooth  near  the  lower  extremity, 
and  there  are  sharp  ridges  near  the  apex.  The  septa  extend  to 
the  wall,  and  there  are  no  interseptal  dissepiments.  The  longi- 
tudinal section  exposes  the  sinuous  columellarian  lines  and  the 
angular  tabula?  extending  inwards  and  upwards  to  the  columellarian 
area. 

Form  alio  n. — Lower  carboniferous. 

LocitlUy. — Found  at  Brocklcy,  Lesmaliagow,  Lanarkshire,  and 
Broadstone,  Boith,  Ayrshire. 

HeterophyJIia  LycUL  (Duncan.) 
riutc  X.,  Figs.  '21,  !>lA,  and  21  jj. 

This  species  is  separated  from  the  pi-eceding,  its  nearest  ally, 
by  the  possession  of  a  minute  cylindrical  tube  extending  from  the 
inferior  to  the  superior  extremity  of  the  corallum.  The  corallum 
is  tall,  flexuous,  and  hexagonal.  There  are  six  septa,  which 
converge  from  the  angles  of  the  corallum  and  extend  inwards  to 
the  circular  tubular  columella,  and  there  are  prominent  costal 
ridges  and  minute  pores  along  the  crown  of  the  ridges  about  half 
a  line  apart. 

Formation. — Lower  carboniferous. 

Locality. — Found  at  Craigenglen,  Campsie,  Dumbartonshire, 
and  Brockley,  Lesmahagow,  Tjanarkshire. 
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ffeterophi/lliu  mirabilis.  (Duncan.) 
Plate  X.,  Figs.  22,  22a,  aud  22b. 

This  species  presents  characters  of  a  very  marked  nature.  The 
corallum  is  tall  and  cylindrical,  the  ridges  are  delicate,  and  there 
are  curved,  hook-shaped  process  along  the  crown  of  the  ridges, 
which,  when  disconnected,  leave  a  large  granule,  and  there  is  a 
minute  depression  in  its  centre.  The  base  of  the  disconnected 
hooklets  are  round,  and  indicate  a  ball  and  socket  arrangement. 
There  are  five  septa,  which  converge  from  the  wall.  Four  of 
them  unite  in  the  centre,  and  two  of  them  coalesce  before  they 
reach  the  central  area,  and  are  bifurcate.  The  longitudinal  section 
exposes  a  thin  columellarian  line,  and  there  are  rectangular  tabulae 
.|  of  a  line  apart.    The  wall  is  stout  and  smooth. 

Formation, — Lower  carboniferous. 

Locality, — Found  in  Craigenglen,  Oampsie,  Dumbartonshire, 
and  Brockley,  Tiesmahagow,  Lanarkshire.* 

From  the  above  brief  description  of  the  structural  details  of  the 
genus,  it  will  be  apparent  that  in  it  there  is  pi*esented  characters 
of  an  unusually  marked  nature.  The  external  aspects  of  the 
different  species  are  unlike  any  other  group  that  I  am  acquainted 
with,  and  therefore  cannot  be  confounded  with  any  other  genus. 
In  the  structural  details,  however,  there  is  presented  characters 
which  possibly  indicate  more  forcibly  the  endemic  tendency  to 
variation  than  is  found  in  any  other  group ;  and  as  species  after 
species  are  compared,  we  not  only  find  them  specifically  distinct 
in  themselves,  but  we  have  also  indicated  the  most  palpable  illus- 
tration of  their  disposition  to  divergence,  clearly  showing  that 

*  I  have  introduced  the  eight  species  of  Helerophyllia  for  the  following 
reaaona Firs^  they  are  the  only  species  of  that  genus  that  I  have  yet 
discovered;  ucond^  they  are  the  specimens  that  Dr.  P.  M.  Duncan,  F.G.S., 
London,  described  in  a  paper  communicated  to  the  lioyal  Society  by 
Professor  Thomas  U.  Huxley,  LL.D.,  F.K.S.,  2nd  May,  1867,  and  in  conse- 
quence of  the  author  omitting  to  state  that  I  was  not  only  the  proprietor, 
but  also  the  discoverer  of  these  specimens,  and  that  I  had  sent  them  to 
him  for  identification,  and  in  consequence  of  my  name  not  being  associated 
with  their  discovery,  considerable  doubts  were  expressed  regarding  their 
authenticity,  1  therefore  feel  called  upou  to  record  the  facts  in  order  that 
uo  further  doubts  may  exist. 
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the  tendency  of  variation  is  to  progressive  development,  which 
could  only  be  induced  by  the  innate  tendency  to  variation  in  the 
tissue  of  the  living  animal.  There  are,  however,  structural  details 
exhibited  in  the  transvei^se  sections  which  clearly  indicate  their 
dimorphic  tendency.  In  the  series  the  septal  system  is  developed 
from  the  most  simple  character  to  those  whose  septa  and  inter- 
septal  dissepiments  are  of  high  value.  I  will  now  briefly  sum- 
marise their  character,  and  will  thus  be  able  to  form  an  approxi- 
mate estimate  of  their  relationship. 

(1)  In  Meter.  PhiUipsi  the  tabuhe  are  divided  in  the  central 
area,  and  the  intersc[)tal  dissepiments  are  dense,  and  indicate  a 
remote  relationship  to  the  genus  KoninckophyUum, 

(2)  In  Ui'ttr.  tjiiuulis  the  septa  are  in  fasciculate  groups,  and 
the  intei'septal  dissepiments  are  sparse,  and  thus  indicate  a  near 
relationship  to  the  genus  Fasciciilophyllum,  afterwards  to  be 
noticed. 

(3)  In  Heter.  Sedywicki  the  septa  are  of  two  orders.  The 
primary  septa  extends  inwards  in  fasciculate  groups,  and  the 
central  septum  passes  in  to  the  centre,  unites,  and  forms  a  pseado- 
columella.  The  secondary  septa  are  minute ;  each  extends  from 
the  wall,  and  there  are  no  interseptal  dissepiments,  and  therefore 
present  characters  which  have  a  close  alliance  to  Liihostrotioii 
junceuta. 

With  these  points  of  resemblance,  there  are  the  following  differ- 
ences to  be  noted  in  the  structure  of  tlie  forms  respectively  refer- 
able to  Koninckophyllti in y  Fasciciilvphylluni,  and  Lithostrotion, 

(1)  The  central  area  in  Koniyickophylluni  is  formed  by  the 
intersection  of  a  system  of  transverse  tabulae  with  a  vertical  colu- 
mellarian  rod,  and  there  is  a  dense  broad  zone  of  vesicular  tissue, 
while  in  all  the  species  but  one — i.e.,  Ueter.  mirabilis — the  central 
area  is  occupied  by  two  and  thi*ee  columellarian  lines,  and  the 
vesicular  tissue  is  sparse.  The  calice  in  KoninckophyUum  is 
deep,  and  sharply  defined  around  the  periphery,  and  the  corallum 
is  always  more  or  less  conical,  and  there  is  never  costal  ridges ; 
while  in  Ileterophyllia  the  calice  is  always  shallow  and  everted, 
the  vesicular  tissue  is  sparse,  and  the  corallum  is  tall  and  cylindro- 
conical,  and  there  are  costal  ridges. 

(2)  The  corallum  in  Fasciculophyllum  is  simple,  the  septa  are 
more  highly  developed,  and  there  are  no  costal  ridges. 

(3)  In  Lithostrotion  the  corallum  is  compound;  gemmation  is 
calicular,  and  therefore  in  dense  fasciculate  communitie&  The 
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calice  is  moderately  deep,  and  the  septa  are  developed  along  the 
superior  face  of  the  tabulje,  and  therefore  do  not  extend  uninter- 
ruptedly from  the  base  to  the  superior  extremity  of  the  corallum ; 
while  in  Heterophyllia  the  extension  of  the  septal  system  is 
uninterrupted  from  the  lower  up  to  the  superior  extremity  of  the 
corallum,  and  the  tabulae  are  formed  by  the  interseptal  dissepiments. 

In  addition  to  the  extraordinarily  varied  internal  structural 
details,  the  external  markings  are  of  themselves  sufficient  for  any 
competent  observer  to  wairant  the  acceptance  of  specific  distinctions, 
which  may  be  briefly  referred  to. 

(1)  In  Heter.  mirabilis  the  hook-like  process,  when  dissociated, 
leaves  on  the  crown  of  the  costal  ridges  large  prominent  granules 
with  a  depression  in  the  centre  and  about  §  of  a  line  apart,  and 
the  corallum  is  either  cylindrical  or  sub-cylindrical. 

(2)  In  Ileter,  Lyelli  the  crowns  of  the  prominent  costal  ridges 
are  marked  by  a  series  of  minute  depressions  or  pores,  about  ^  of 
a  line  apart,  and  the  corallum  is  hexagonal. 

(3)  In  Heter,  Sedgwicki  the  costal  ridges  are  minute,  sharp,  and 
only  developed  in  the  upper  extremity  of  the  corallum. 

(4)  In  Heter,  M'Coyi  the  costal  ridges  are  indistinctly  gix)oved, 
and  the  epitheca  is  smooth. 

(5)  In  Heter.  angulata  the  costal  ridges  are  represented  by 
faint  lines. 

(6)  In  Heter.  granuUUa  the  costal  ridges  are  flexuous,  and  the 
epitheca  is  densely  granular. 

(7)  In  Heter.  Phillipsi  the  epitheca  is  dense  and  smooth,  and 
there  are  shallow  and  broad  annulations  of  growth,  the  costal  ridges 
being  indistinct. 

(8)  In  Heter.  grandis  the  epitheca  is  smooth,  the  costal  ridges  are 
flexuous  and  numerous,  and  there  are  broad  annulations  of  growth. 

Upon  the  whole,  while  the  above-mentioned  distinctions  appear 
of  sufficient  value  to  warrant  the  acceptance  of  the  generic  distinc- 
tion of  Heterophyllia^  there  are  other  modifications  which  might 
have  been  noticed;  but  I  conceive  that,  from  the  structural  details 
indicated,  will  induce  the  conviction  that  modification  is  endemic, 
that  in  this,  as  in  all  the  previous  groups,  there  is  a  persistent 
tendency  to  variation,  and  that  modification  has  been  more  or  less 
aflected  by  either  external  conditions,  or  from  an  innate  tendency 
in  the  tissue  of  the  living  animal  that  secreted  these  organic  remains. 

In  tracing  the  relationships  of  these  organic  remains  in  an 
ascending  and  connected  series,  we  are  led  now  to  consider  what 
Vol,  XIV.  2  E 
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connection  there  is  between  the  genns  Kdnimkophylluni  (Nick 
and  Thorn.)  and  the  preceding  genera,  the  transitional  tendencies 
of  which  indicated  that,  with  further  development,  or  the  discovery 
of  other  allied  forms,  we  should  be  able  to  demonstrate  more  fullv 
the  principle  that  there  is  a  correlation  of  both  genera  and  species, 
and  that  varieties  are  but  the  lower  links  in  the  chain  that  binds 
the  simple  and  the  more  complex  fonns  into  a  united  whole. 

Genus  Koninckophyllum.    (Thomson  and  Nicholson,) 

Generic  Characters, — Coral lum  simple  or  compoimd.  The  septa 
are  well  developed,  but  not  reaching  the  centre,  and  united  exter- 
nally by  numerous  delicate  dissepiments,  which  give  rise  to  an 
exterior  zone  of  dense  vesicular  tissue.  The  tabul»  occupy  the 
central  area,  into  which  the  septa  are  never  continued,  and  are 
divided  in  two  halves  by  a  styliform  columella.  There  is  a  septal 
fossula.  In  the  compound  forms  gemmation  is  calicular,  and  in 
the  simpler  forms  they  are  developed  by  ova.  The  epitheca  is 
thin,  and  markeil  wdth  fine  encircling  striee,  and  there  are  annula- 
tions  of  growth.  The  calice  is  of  variable  depth — its  margin  is  in 
some  forms  thin,  in  other  species  it  is  thick  and  everted;  in  the 
latter  the  calice  is  shallow. 

In  the  centre  of  the  calicular  cavity  is  a  small  compressed 
columella,  which,  in  those  forms  in  which  the  transitional  tendency 
is  indicated,  is  more  or  less  interrupted  (Plate  XL,  Figs.  2,  2a, 
and  3a).  During  the  earlier  part  of  my  investigations  I  was  at  a 
loss  to  understand  whether  this  was  due  to  any  I'eal  want  of 
continuity,  or  whether  it  was  not  caused  by  flexures  of  the  corallum 
taking  the  columella  at  this  place  out  of  the  line  of  section ;  but, 
after  making  sections  of  a  large  number  of  forms,  I  am  induced  to 
regard  its  aberrant  asi>ect  as  indicating  its  endemic  tendency  to 
variation.  The  longitudinal  section  is  triareal  (Plate  XL,  Fig.  1a). 
The  outer  ("  interseptaP')  area  is  occupied  by  a  dense  zone  of 
convex  cellular  tissue,  convexity  pointing  inwards  and  upwards, 
and  arranged  in  oblique  rows,  the  intermediate  ("interlocular") 
area  by  loose  convex  cells,  convexity  pointing  upwards  and  out* 
ward,  and  the  central  area  by  an  irregular  and  closely-arranged 
tabulae,  which  are  more  or  less  convex.  The  compact  columella 
forms  a  distinct  thin  line,  which,  in  typical  species,  extends  from 
the  base  of  the  visceral  chamber  to  the  superior  extremity,  and  is 
seen  in  the  floor  of  the  calice  as  a  projecting  point. 

The  septa  are  of  two  ordera,  and  externally  are  united  by 
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numerous  close-set  delicate  dissepiments,  which  are  sometimes 
rectangular,  and  in  others  finely  anastomosing  and  reticulate  (Plate 
XI.,  Figs.  1  and  2),  which  give  rise  to  zones  of  cellular  tissue,  seen 
in  the  longitudinal  section  in  the  peripheral  zone. 

As  regards  the  relationships  of  the  genus  Kdninckophyllmn,  it 
may  be  said  to  be  distinguished  by  characters  of  a  marked  nature. 
In  some  respects  it  is  nearly  allied  to  the  large  fasciculate  varieties 
of  Lithostrotion,  and  to  some  of  the  species  of  Cainpophylliim 
(such  as  Camp,  jmracida,  M*Coy),  but  it  is  separated  from 
the  former  by  the  possession  of  a  dense  zone  of  vesicular 
tissue,  and  the  septa  are  more  highly  developed ;  and  from  the 
latter  by  the  styliform  columella  in  the  centre  of  the  central 
area,  while  it  is  thus  generically  distinct  from  those  genem.  In 
Kdninckophyllum  there  is  indicated  a  transitional  tendency  of 
a  marked  character.  In  those  forms  in  which  the  columellariau 
rod  is  styliform  there  is  no  cause  for  reasonable  doubt  as  to  the 
validity  of  the  genus.  If,  however,  there  is  an  extensive  series  of 
specimens  sectioned  transversely,  it  will  be  observed  that  there  is 
an  indication  of  the  columellariau  rod  becoming  elongated,  which 
can  be  traced  from  a  small  oblong  point,  extending  and  becoming 
more  and  more  elongated,  till  by  its  extension  the  central  area  is 
divided  into  two  halves,  and  thus  exposes  a  prominent  central 
median  plate,  which  becomes  considerably  elevated  above  the  plain 
of  the  tabulse,  and  thus  merges  and  unites  by  gradations  of  an 
extremely  minute  character,  and  by  the  greater  development  of 
the  central  rod  it  emerges  from  the  type  character  of  the  genus,  and 
induced  us  to  create  the  generic  name  of  Acrophylhim  of  Thomson 
and  Nicholson  for  the  reception  of  those  forms  in  which  the  central 
area  is  divided  into  halves,  and  in  the  transverse  tabula  of  the 
central  area  is  still  a  prominent  character. 

A  few  of  the  transitional  tendencies  are  indicated  in  the  follow- 
ing species: — 

(1)  Kdninckophyllum  ]>roli/orm  (Thomson  and  Nicholson). — In 
this  species  the  corallum  is  compoimd  and  in  fasciculate  com- 
munities, and  is  therefore  more  or  less  allied  to  the  genus  Litho- 
strotion.  It  is  separated  by  the  more  highly-developed  septa  and 
the  denser  zone  of  vesicular  tissue  in  the  peripheral  area,  and 
may  be  regarded  as  the  species  whose  relations  are  intermediate 
between  the  latter  and  the  former  genus. 

(2)  In  Koninck  magnificiLm  (Thorn,  and  Nich.,  Plate  X.,  Figs. 
1  and  1a)  is  represented  the  type  of  the  genus. 
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(3)  In  Koninck.  int^rruptiim  (Thorn,  and  Nich.,  Plate  XI., 
Figs.  3  and  3a)  is  represented  the  innate  tendency  to  variation 
which,  with  further  raoditication,  would  merge  into  the  typical 
aspect  of  Koniiickophyllum,  and  may  be  regarded  as  being 
an  intermediate  form  between  Camjyophyllnm  and  that  of 
KOninckophyUn  m. 

(4)  In  Konhickophylhimy  sp.  ?,  (Plate  XI.,  Figs.  5  and  6)  in 
which  there  is  exhibited  in  the  floor  of  the  calice  the  first  indication 
of  the  divergent  character  of  the  group.  In  Fig.  6  the  columella  is 
divided  by  a  median  plate,  and  is  more  or  less  cruciform.  In  Fig. 
5  there  is  a  further  extension  of  the  tendency  to  modification. 

(5)  In  Kiminck.  ritifonne  (Thom.  and  Nich.,  Plate  XI.,  Figs. 
2  and  2a),  the  sti-uctural  details  of  the  central  area  are  considerably 
more  varied,  and  demonstrates  clearly  the  endemic  tendency  to 
variation,  which,  with  further  development,  will  merge  into  and 
imite  the  group  to  the  genus  Histeophyllum  microphyUum  (Thom- 
son, Plate  XI.,  Fig.  7).  Indeed,  did  space  permit,  I  could  have 
introduced  a  lai'ge  series  of  engraved  forms,  in  which  could  be 
traced  not  only  the  most  minute  transitions  from  the  former  into 
the  latter  genus,  but  also  could  have  shown,  by  the  extension  of  the 
columella,  a  series  of  transitions  of  an  extremely  minute  character, 
and  to  merge  into  the  genus  Acrophyllum  (Thom.  and  NicL).  In 
Plate  XI.,  Fig.  9,  I  have  introduced  an  example  of  one  of  those 
varieties,  in  which  the  central  plate  is  considerably  extended,  and 
in  which  there  are  marked  indications  of  further  modifications^ 
by  the  presence  of  more  or  less  reticulate  structure  in  the  central 
area ;  and  I  might  have  shown,  by  the  introduction  of  other 
varied  and  intermediate  forms,  in  which  the  further  development 
of  that  part  is  seen  to  be  by  almost  imperceptible  gradations, 
until  there  is  developed  a  central  plate,  which  stretches  across  the 
total  diameter  of  the  central  area  of  the  corallum  (Plate  XL,  Fig. 
12).  In  another  variety — i.e,^  KOninckophyllum  radiaium  (Thom. 
and  Nich.) — there  are  a  series  of  minute  plates,  which  radiate  from 
the  columella  in  all  directions,  and  thus  indicate  a  further  modifi- 
cation, and  a  divergence  into  another  group,  in  which  lamellie  are 
present  in  the  central  area.  Their  form  and  arrangement  is 
regarded  to  be  of  generic  importance.  On  the  whole,  the  genus 
KdninckophyJlum  may  be  regarded  as  polymorphic,  and  which 
have  divergent  relationships,  which  merge  and  unite  groups  in 
varied  directions — modifications  induced  by  either  the  endemic 
tendency  to  variation,  or  which  have  been  affected  by  the  altered 
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conditions  of  the  surroundings.  Meanwhile,  I  will  endeavour  to 
trace  the  relationship  that  exists  between  the  genus  Konincko- 
phyUiun  and  that  of  the  genus  Acrophyllum. 

Genus  Acrophyllum.    (Thomson  and  Nicholson.) 

Generic  Characters. — Oorallum  simple,  turbinate,  or  cylindror 
conical.  The  epitheca  is  thin,  with  numerous  encircling  striae 
and  annulations  of  growth.  The  septa  are  of  two  orders.  The 
primary  extend  inwards  fully  a  third  of  the  total  diameter  of  the 
corallum,  and  the  secondary  septa  are  hai'dly  i-ecognizable  in  the 
dense  vesicular  tissue  of  the  peripheral  zone.  A  fossula  is  present 
The  longitudinal  section  exposes  the  triareal  arrangement  of  the 
structural  details.  The  outer  ("  interseptal ")  area  consists  of  convex 
vesicular  tissue — convexity  pointing  inwards  and  upwards,  and 
arranged  in  oblique  rows;  the  intermediate  ("  interlocular ") 
area  is  closed  in  by  large  convex  cells — convexity  pointing  upwards 
and  outwards;  and  the  central  area  is  occupied  by  irregular 
tabuh^>,  which  are  more  or  less  sharply  bent  upwards  and  inwards, 
and  at  their  inner  ends  they  ascend  and  form  the  stout  columella, 
which  is  more  or  less  bilamellar,  which,  in  a  transverse  section, 
divides  the  tabulse  of  the  central  area  into  two  halves,  and  is  exposed 
in  the  floor  of  the  calicular  cavity  as  a  prominent  ridge.  The 
calice  is  of  variable  depth. 

The  general  characters  of  the  internal  structure  of  the  forms 
I  have  grouped  under  the  name  of  Acrophyllunif  present  a  close 
resemblance  to  those  which  properly  belong  to  Koninckophyllum, 
but  they  are  nevertheless  separated  by  structural  details  sufficiently 
distinct  and  easily  recognizable  to  warrant  their  being  placed  in  a 
section  by  themselves.  The  species  of  Acrophylhcni  agree  with 
those  of  Koninckophyllum  in  their  triareal  structure,  as  shown  in  the 
longitudinal  section.  In  both  there  is  an  outer  area  of  numerous 
minute  convex  vesicles — convexity  pointing  inwards  and  upwards, 
and  arranged  in  oblique  rows;  an  intermediate  area  formed  of 
irregular  convex  cells,  and  pointing  outwards;  and  the  central 
area  is  formed  by  vesicular  tabulae,  which  are  more  or  less  elevated 
centrally  and  intersected  by  a  vertical  columella.  In  both  gioups 
we  find  a  striking  similarity  in  the  arrangement  and  development 
of  the  septa.  The  primary  extend  from  the  wall  usually  for  a  third 
of  the  total  diameter  of  the  corallum,  and  each  are  lamellar  in- 
ternally, but  become  more  delicate  as  they  pass  outwards,  and  are 
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intersected  by  the  dense  zone  of  interseptal  dissepiments;  while  those 
of  the  second  cycle  are  hardly  recognizable.  With  these  points  of 
resemblance  there  are  the  following  differences  to  be  noted  in  the 
forms  respectively  referable  as  allied  to  the  genus  AcrophyUicm: — 

(1)  In  Koninckophyllum  there  is  a  compressed  median  rod,  and 
the  floor  of  the  calice  is  occupied  by  tabula*,  which  are  but  slightly 
elevated  near  the  columella,  while  in  the  genus  Acrophyllum  the 
columellarian  rod  is  in  the  form  of  a  vertical  plate,  and  more  or 
less  lamellar,  which  extends  across  the  total  diameter  of  the 
central  area  (Plate  XI.,  Figs.  12,  13,  14,  and  15);  being  formed  by 
the  union  of  the  acutely-elevated  tabulse  at  their  inner  margins, 
and  present  in  the  floor  of  the  calice  an  elevated  ridge;  and  the 
tabulae  bends  downwards  to  the  inner  ends  of  the  pidmary  septa. 

(2)  Acrophyllum  has  not  yet  been  found  in  fasciculate  masses. 
It  will  thus  be  apparent  that  the  genus  Acrophyllum  has  near 
relations  to  Koninckophyllum.  Yet  I  believe  it  possesses  characters 
sufficiently  distinct  to  warrant  it  being  regarded  as  a  separate 
genus,  and  which  is  here  represented  by  the  following  species : — 

Acrophyllum  Billinysi.    (Thomson.)    Sp.  no  v. 

Plate  XL,  Fig.  12. 

Specific  Characters, — Corallum  simple,  cylindro-conical,  mode- 
rately tall,  and  curved.  The  epitheca  is  thin,  with  delicate 
encircling  lines,  and  broad  in-egular  annulations  of  growth.  The 
calice  is  shallow  and  slightly  everted;  and  in  the  centre  of  its 
floor  there  is  a  prominent  median  ridge,  which  bisects  the  tabulate 
area,  and  is  seen  in  the  transvei*se  section  extending  from  the  inner 
margin  of  the  primary  septa,  extending  to  the  opposite  side  of 
the  tabula,  and  attached  to  a  sub-semicircular  plate  at  the  inner 
margin  of  the  fossula.  Along  the  lateral  margin  there  is  a  series 
of  convex  plates — convexity  pointing  downwards — and  on  the 
opposite  side  the  convex  plates  point  outwards,  which  are  the  cut 
edges  of  the  down-curved  tabulte,  and  there  are  faint  indications  of 
lamella.  The  fossula  is  small,  and  thi-ee  of  the  primary  septa 
extend  into  it,  which  are  about  a  line  shorter  than  the  others. 
The  septa  are  of  two  orders.  The  primaiy  are  lamellar  for  two- 
thirds  of  their  length  from  their  inner  margins,  and  thin  and 
slightly  flexuous  outwards  to  the  periphery,  and  these  alternate 
with  an  equal  number  of  secondary  septa.    The  latter  extend 
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inwards  for  half  the  length  of  the  primary,  and  each  are  united 
by  more  or  less  angular  interseptal  dissepiments,  which  are  dense 
in  the  outer  zone,  and  few  and  rectangular  in  the  interlocular 
area.  There  are  interlamellar  trabicula.  There  are  forty -eight 
primary,  and  an  equal  number  of  secondary  septa. 
Formation, — Lower  carboniferous. 

Locality, — Found  at  Charleston,  Fifeshire,  in  shale  about  three 
feet  above  thick  beds  of  limestone. 

This  may  be  regarded  as  a  type  species  of  the  Scottish  varieties, 
and  I  have  great  pleasure  in  naming  it  in  honour  of  the  late 
eminent  Canadian  palaeontologist. 

Acrophyllum,    Sp.  (?). 
Plate  XI.,  Fig.  9. 

This  species  is  distinguished  by  the  broader  tabulate  area.  The 
median  plate  stops  short  of  the  total  width  of  the  tabulate  area, 
The  fossula  is  larger.  The  primary  septa  are  lamellar  for  half  their 
length,  and  the  secondary  septa  extend  inwards  for  two-thirds  of 
the  total  length  of  the  primary  septa,  and  the  vesicular  tissue  is 
denser  than  in  the  preceding  species,  which  may  be  regarded  as  being 
an  intermediate  species  between  the  genus  Koninckophy litem  and 
that  of  Acrophyllum,  It,  however,  possesses  structural  details 
more  closely  allied  to  the  latter,  and  therefore  must  be  placed  in 
that  group. 

Formation, — Lower  carboniferous. 

Locality, — Found  at  Charleston,  Fifeshire,  in  the  same  horizon 
as  the  preceding. 

Acrophyllum.    Sp.  (?). 
Plate  XL,  Figs.  13  and  13a. 

This  is  separated  from  the  preceding  by  the  median  plate  being 
stouter,  the  further  extension  of  the  septa  inwards,  and  there  is 
indications  of  the  development  of  lamellae.  The  primary  septa  are 
stout  and  lamellar  for  three-fourths  of  their  length  from  their 
inner  ends,  and  the  secondary  septa  are  short  The  interseptal 
dissepiments  are  rectangular,  and  the  fossula  is  smaller. 

Fornvation, — Lower  carboniferous. 

Locality, — Found  at  Brockley,  Lesmahagow,  Lanarkshire. 


124  Philosophical  Society  of  Glasgow, 


Acrophylluin.    Sp.  (]). 
Plate  XL,  Figs.  U  and  14a. 

This  species  is  distinguished  by  the  further  extension  of  the 
primary  septa  inwards.  They  are  stouter,  and  thei'e  is  an  enlarge- 
ment at  their  union  with  the  secondary  septa,  and  the  interseptal 
dissepiments  are  rectangular  and  less  dense.  The  fossula  is  small, 
and  there  are  indications  of  lamellae,  which  extend  from  the  inner 
ends  of  the  primary  septa  to  the  median  plate,  and  the  median  plate 
does  not  quite  extend  to  the  inner  ends  of  the  septa.  On  the 
whole,  this  species  indicates  a  transitional  condition,  and  may  be 
regarded  as  a  variety  which,  if  more  fully  developed,  would  merge 
into  the  genus  Dibunophyllum.  Fig.  1  4a  is  a  section  taken  from 
fully  I  of  an  inch  from  the  base. 

Formation. — Lower  carboniferous. 

Locality. — Found  at  Brockley,  Lesmahagow,  Lanarkshire. 

Acrophyllum  deridriformis.    (Thomson.)    Sp.  nov. 
Plate  XL,  Fig.  15. 

This  species  differe  from  the  preceding  by  the  possession  of  a 
fusiform  median  plate,  the  dendriform  aspect  of  the  primary 
se2)ta,  the  small  central  area,  and  the  presence  of  a  system  of 
plates,  which  unite  the  inner  ends  of  the  primaiy  septa  with  the 
sub-tabulate  central  area  and  cellular  tissue  on  one  side  of  the 
median  plate,  and  on  the  other  side  the  union  of  a  convex  plate. 
On  the  whole,  while  this  species  clearly  indicates  a  transitional 
tendency  into  the  genus  Axophyllum^  yet  it  has  the  characteristic 
of  Acrophyllum  clearly  developed. 

Fornmtion. — Lower  carboniferous. 

Locality, — Found  at  Charleston,  Fifeshire. 

It  will  thus  be  evident  that  the  genus  Acrophyllum  possesses 
structural  characters  which  indicate  clearly  polymorphic  tendencies. 
Indeed,  if  I  had  referred  to  the  large  series  of  varieties  that  are  in 
my  cabinet,  I  could  at  least  have  occupied  the  whole  plate  with 
their  illustrations.  I  have,  however,  selected  a  few  typical  forms, 
which  show  the  divergent  chai'acter  of  the  genus,  and  will  shortly 
refer  to  the  transitional  tendency  of  the  group. 

(1)  Acrophyllum,  sp.  (?),  Fig.  9  represents  a  variety  which, 
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although  the  structural  details  are  present  in  a  typical  species  of 
Acrophyllum,  yet  its  relationship  is  more  nearly  allied  to  that  genus 
than  it  is  to  Koninckophyllitm^  by  the  greatly  more  elongated 
median  plate,  and  it  may  therefore  be  regarded  as  an  intermediate 
form  between  those  genera. 

(2)  AcrojjhyUiun  Billingsi,  Fig.  12.  This  may  be  regarded  as 
a  clearly-defined  species  of  the  genus,  and  need  not  be  further 
referred  to. 

(3)  Acrophyllum,  sp.  (]),  Figs.  13  and  13a,  is  another  distinct 
species. 

(4)  Acrophylhun,  sp.  (?),  Figs.  14  and  14a.  In  this  species  there 
is  the  generic  character  in  the  possession  of  the  median  ridge. 
There  is,  however,  structural  details  developed  in  the  central  area 
that  indicate  a  transitional  tendency  to  merge  into  the  genus 
Dibunophylluviy  and  it  may  be  regarded  as  an  intermediate  form. 

(5)  Acrophyllum  dendri/ormis,  Fig.  15.  The  extension  of  the 
median  ridge,  and  the  more  or  less  tabulate  area,  clearly  unite  this 
variety  to  the  genus.  In  the  presence,  however,  of  the  cellular 
tissue  on  the  one  side  of  the  central  area,  and  the  possession  of 
the  system  of  plates  that  extend  from  the  inner  ends  of  the 
primary  septa  and  unite,  the  structural  details  that  are  exhibited 
in  the  central  area  clearly  point  to  a  considerable  modification  in 
the  structural  details  of  the  central  area,  which,  if  slightly  more 
developed,  would  be  regarded  as  a  variety  of  the  genus  Axophylhim 
(R  and  H.). 

As  regards  the  relationships  of  the  genus,  Acrophyllum  may  be 
said  to  be  distinguished  by  characters  of  a  distinct  nature.  I  have 
referred  to  its  near  alliance  to  the  genus  Koninckophyllum  on  the 
one  hand ;  and  some  of  the  species  possess  aberrant  structural 
details  which  clearly  point  to  its  divergent  nature,  and  indicate  its 
transitional  tendency,  and  its  merging  into  Dibunophyllum  on  the 
one  hand,  and,  on  the  other,  a  near  aflinity  to  Axophylluvi,  and 
thus  abundantly  testifies  to  the  polymorphic  relations,  and  is  a 
further  testimony  to  the  proposition  that  the  plasticity  of  animal 
tissues  were  extremely  mobile  and  susceptible  of  the  faintest 
impressions,  and  each  affected  organ  secreted  a  counterpart  of  the 
altered  tissue,  and  thus  enables  us  to  realise  how  modification  was 
induced,  and,  with  further  development,  how  variation  was  trans- 
mitted from  group  to  group. 

In  some  of  the  species,  however,  of  Koninckophyllum  there  is 
another  modification  of  the  columella  in  the  type  species.  The 
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normal  condition  of  the  columella  is  a  styliform  compact  and 
compress  medium  rod.  There  are  varieties  in  which  the  columella 
is  formed  of  convex  plates,  convexity  pointing  outwards.  Plate 
XI.,  Fig.  1  exhibits  the  first  beginning  of  that  modification.  There 
are  other  forms  which  more  fully  illustrate  that  transitional 
tendency,  and  which  indicates  a  further  divergence  in  a  difiTerent 
direction,  and  point  to  the  development  of  a  tubular  columella ; 
and  thus  indicates  a  more  or  less  remote  relationship  to  the  genus 
Cyathaxonia.  The  generic  relations  of  that  genus  I  shall  now 
shortly  refer  to. 

Genus  Cyathaxonia.  (Michelin.) 

Generic  Characters, — Corallum  simple,  turbinate  and  cylindro- 
conical,  and  more  or  less  curved  or  twisted.  The  epitheca  is  of 
variable  thickness,  and  there  are  annulations  of  growth.  The 
calicc  is  variable  in  depth,  and  exhibiting  in  the  centre  of  its  floor 
a  more  or  less  conspicuous  styliform  columella.  The  septa  are  of 
two  orders.  The  primary  septa  extend  inward  to  the  columella,  and 
the  secondary  septa  are  considembly  shorter.  The  central  area  is 
occupied  by  the  styliform  columella,  which,  in  a  transverse  section, 
is  seen  to  be  formed  of  minute  cellular  tissue,  and  in  others  it  is 
tubular.  The  intermediate  (" interlocular  ")  area  is  composed  of  the 
inner  margins  of  the  primary  septa,  and  there  is  no  interlocular 
tabulae ;  and  the  spaces  are  open  from  the  superior  to  the  inferior 
part  of  the  corallum.  The  outer  ("interaeptal ")  area  is  occupied  by 
the  septa.  The  secondary  septa  are  usually  shorty  and  near  the 
peripheiy  they  are  united  by  sparsely-developed  interseptal 
dissepiments.    There  is  a  septal  fossula. 

The  longitudinal  section  exhibits  the  styliform  columella  in  the 
centre  of  the  corallum,  and  formed  by  sparse  vesicular  tissue  in 
some  forms,  and  in  others  by  a  cylindrical  tube.  The  intermediate 
("interlocular")  area  is  usually  open  for  three-fourths  of  the  total 
length  of  the  corallum,  and  at  the  lower  extremity  the  primary 
septa  are  seen  to  curve  inwards,  and  become  attached  to  the 
columella  in  the  centre  of  its  floor.  The  outer  ("interseptal")  area 
is  occupied  with  spai-sely-developed  convex  interseptal  dissepi- 
ments, convexity  inwards. 

The  genus  Cyathaxonia  was  established  by  Michelin  in  1846, 
for  the  reception  of  a  group  of  corals,  which  in  some  respects  are 
remotely  related  to  the  genus  KoninckophyUtcm  of  Thomson  and 
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Nicholson  on  the  one  hand,  and  on  the  other  to  the  genus 
Aocophylluin  of  Edwards  and  Haime  (Plate  XI.,  Figs.  8a,  10,  and 
11).  It  is,  however,  separated  from  these  genera  by  the  presence 
of  a  deep  calice  and  tall  styliform  columella,  and  by  the  union  of 
the  primary  septa  to  the  columella  near  the  lower  extremity  of  the 
corallum:  with  one  exception,  i.e. — Plate  X.,  Fig.  26 — which  may 
be  regarded  as  indicating  an  intermediate  and  passage  form  into 
the  genus  Cyclophjllum ;  while  in  Koninckophyllum  and  Axo- 
phyllum  the  primaiy  septa  never  reach  the  columella,  and  are 
intersepted  by  a  system  of  more  or  less  remote  and  convex 
tabulae. 

In  the  external  aspect  of  some  of  the  forms  they  present  a  close 
resemblance  to  the  young  forms  of  Clisiojyhyllum  of  Dana  (Plate 
X.,  Fig.  28) ;  but  they  are  separated  by  characters  sufficiently 
distinct  and  easily  recognizable  to  wairant  them  being  grouped 
with  the  genus  Cyathaxonia. 

As  i*egards  the  relationship  and  classificatory  position  of 
CyaUiaxonia,  an  examination  of  the  structural  details  leaves  no 
doubt  as  to  the  singularly-pronounced  structural  characters  of  the 
genus ;  while  it  may  be  regarded  as  being  remotely  related  to 
Koninckophyllum  by  the  possession  of  a  more  or  less  cellular 
columellarian  rod.  In  the  former,  however,  a  similar  structural 
character  is  simply  foreshadowed  in  the  lateral  convex  plates 
around  the  styliform  columella,  and  in  Axophyllum.  In  the  latter 
the  columella  is  occupied  by  a  series  of  more  or  less  large  cellular 
tissue  (Plate  XI.,  Fig.  10),  and  in  other  forms  there  is  a  compact 
central  rod  in  the  centre  of  the  cellular  tissue,  and  in  both  genera 
the  septa  never  penetrate  the  central  area  and  become  attached  to 
the  columella.  Though  there  is  thus  a  more  or  less  near  relation 
between  these  diverse  groups,  in  each,  however,  there  are  central 
types  distinctly  pronounced  in  their  generic  characters,  and  in 
each  group  there  are  divergent  forms  which  merge  and  pass  into 
other  allied  genera.  While  there  is  thus  indicated  transitional 
relationships  in  the  genera  referred  to,  which  leave  no  doubt  as  to 
their  true  generic  position,  in  Cyathaoconia^  however,  some  portion 
of  the  septa  always  extends  into  and  is  united  with  the  columella. 
Cyclophyllum  is  indicated  in  one  species  by  a  minute  depression  or 
cup  in  the  centre  of  the  columella  (Plate  X.,  Fig.  26),  and  thus 
shows  a  divergent  character  in  another  direction,  and  indicates 
that,  with  further  modification  and  the  greater  development  of  the 
central  area,  the  generic  characters  would  become  obsolete  and 
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merge  into  the  DiplocyathophyllidaSy  and  more  or  less  approximate 
to  the  structural  charactei-s  of  Aulophyllum, 

I  will  now  briefly  refer  to  a  few  of  the  species.  For  further 
details  and  a  greater  variety  of  illustrations,  I  have  to  refer  to  my 
paper,  published  in  the  Society's  Proceedings  in  1877. 

Cyathaxonia  coriiua  (of  Konhick,), 
Plate  X.,  Fig.  29. 

Specific  Characters. — Corallum  simple,  conical,  cylindro-conical, 
and  curved,  and  some  forms  are  adherent  upon  the  spines  of 
Producta.  The  epitheca  is  thin,  and  there  are  irregular  and 
shallow  annulations  of  growth.  The  calice  is  circular  and  deep. 
The  septa  are  well  developed,  and  at  the  interlocular  area  they 
project  and  contract  the  width  of  the  calice  for  fully  half  its  depth. 
There  are  eighteen  primary,  alternating  with  an  equal  number 
of  secondary  septa,  and  there  are  granulations  along  the  fBxse  of 
each  septum.  The  fossula  is  small,  and  one  of  the  primary  septa 
extends  half  the  length  of  the  others  into  it.  The  columella  is  tall, 
prominent,  and  conical,  and  in  a  transverse  section  is  more  or  less 
cellular  near  the  base,  and  thus  indicates  a  relationship  to 
Aocophyllum, 

Height  of  corallum,  4^  lines;  diameter  of  calice,  2^  lines. 
Formation, — Lower  carboniferous. 

Locality, — Found  at  Cunningham-Baidland,  Dairy,  Ayrshii^. 

Cyathaxonia  domiformis,  (Thomson.) 
Plate  X.,  Fig.  28. 

This  species  is  distinguished  by  the  dome-formed  columella,  and 
resembles  some  of  the  young  forms  of  Clisiophyllum.  It,  however, 
differs  from  that  genus  in  the  prolongation  of  the  primary  septa  to 
the  centre  of  the  corallum,  while  in  Clisiophyllum  the  primary 
septa  never  extend  into  the  central  area,  and  the  columellarian 
area  is  always  occupied  by  a  system  of  independent  lamellte.  . 

Cyathaxonia  Newhuryi.  (Thomson.) 
Plate  X.,  Fig.  24,  24.\,  and  24b. 
This  species  is  distinguished  by  the  broad  compi'essed  columella. 
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and  may  be  regarded  as  haying  indications  of  a  relationship  more 
or  less  varied,  and  points  to  its  connection  with  Kdninckophyllum 
by  its  styliform  columella.  It  diflfers,  however,  from  that  genus 
by  the  fact  that  the  primary  septa  are  attached  to  the  stout 
columella. 

Formation.  — Lower  carboniferous. 

Locality. — Found  at  Cunningham-Baidland,  Dairy,  Ayrshire. 

Cyathaxonia  cyathaminuta.  (Thomson.) 
Plate  X..  Fig.  26. 

This  species  is  separated  from  all  the  other  species  of  the  genus 
by  the  presence  of  a  small  central  cup  in  the  crown  of  the 
columella,  which  may  be  regai'ded  as  indicating  its  transitional 
tendency,  and  suggesting  its  mergence  into  and  uniting  the  genus 
Aulophyllum. 

From  the  above  brief  reference  to  the  divergent  character  of  the 
species  of  this  genus,  it  will  be  apparent  that  in  this  group,  as  in 
all  the  preceding  gi'oups,  its  polymorphic  tendencies  are  more  or  less 
clearly  indicated.  Yet  I  am  satisfied,  if  my  opportunities  would 
admit,  and  that  a  greater  number  of  these  small  forms  that  indicate 
a  family  relationship  were  sectioned,  other  connecting  species 
would  be  discovered  that  would  more  closely  unite  not  only  the 
genera  referred  to,  but  would  show  that  its  divergent  character 
had  a  more  widely-distributed  relationship  than  has  yet  been  re- 
ferred to;  and  would  further  demonstrate  the  belief  that  deferentia- 
tion  is  and  has  been  one  of  the  silent  factors  of  immutable  law ; 
and  that  modification,  even  in  microscopic  proportions,  has  been 
innate  in  the  most  delicate  structural  tissue  of  the  animal,  which, 
with  increased  development,  has  abridged  and  enlarged  their 
structural  characters — a  counterpart  of  which  is  now  more  or  less 
found  in  their  sclerodermic  skeletons. 

In  the  presence  and  position  of  the  conspicuous  columella  in  the 
centre  of  the  corallum,  and  fi*ora  the  fact  that  some  of  the  septa 
stop  short  of  that  part  of  the  corallum,  there  is  indicated  a  diver- 
gent character  of  another  aspect,  and  which  was  referred  to  at 
page  99,  when  I  pointed  out  the  structural  details  of  the  genus 
Phillipsastrea,  In  one  of  the  speciea  of  that  genus  we  found  that 
one  of  the  septa  extended  inwards  and  upwards,  and  curved,  folded 
over,  and  rested  upon  the  opposite  half  of  the  tabula?,  and  in  its 
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rtoor  exhibited  a  clavate  columellarian  protuberence,  and  thus  in- 
dicated a  ti^ausitional  tendency  to  merge  into  a  group,  in  which 
the  extension  of  a  septum  in  a  more  or  less  exposed  clavate  form 
induced  M.  Edwards  and  J.  Haime  to  establish  the  genus  Lo^yho- 
phyllum  for  their  reception. 

LoPHOPiiYLLUM.    (Edwai-ds  and  Haime.) 

Gemric  Character, — Corallum  simple,  conical,  and  curved.  The 
epitheca  is  stout.  There  are  longitudinal  ridges,  encircling  lines, 
and  shallow  and  irregular  annulations  of  growth.  The  calice  is 
deep  and  circumscribed  by  tlie  extension  of  the  septa  inwards  to 
near  the  columella;  they  then  bend  sharply  downwards  to  variable 
depths,  and  the  floor  is  occupied  by  tabulae,  which  extends  out- 
wards into  the  interlocular  area,  and  the  inner  ends  of  the  primary 
septa  intersect  the .  tabulas  for  a  greater  or  less  distance  in  the 
different  species.  The  septa  are  lamellar  and  of  two  orders.  The 
primary  septa  are  irregular  in  their  extension  inwards — some  of 
them  to  near  the  columella;  others  stop  short  at  about  a  fourth  of 
the  total  diameter  of  the  corallum,  and  on  the  curved  or  ventral 
side  one  of  the  septa  extends  into  the  centre  of  the  calicular  cavity, 
and  at  its  inner  end  is  more  or  less  clavate  in  some  forms,  and  in 
others  it  is  not  so  formed.  In  some  species  the  septa  are  united 
near  their  inner  ends  into  a  fasciculate  group,  and  the  central 
septum  of  each  fascicle  extends  further  inwards.  In  a  corallum  four 
lines  in  diameter  there  are  twenty-four  primary  septa,  and  these 
alternate  with  an  equal  number  of  minute  secondary  septa,  which 
in  some  forms  are  represented  by  large  pointed  granules.  A 
fossula  is  present. 

The  longitudinal  section  is  tnareal,  the  central  area  is  occupied 
with  the  columella,  which  intersects  the  tabulae.  The  tabulie  are 
rectangular,  and  extend  outwards  from  the  columella,  and  near 
their  outer  ends  they  bend  downwards  and  form  the  floor  of  the 
interlocular  area,  and  the  interseptal  area  is  occupied  by  convex 
cellular  tissue  convexity  pointing  inwards. 

The  genus  Lophojyhyllum  possess  characters  of  an  unusually 
distinct  nature,  and  may  be  regarded  as  a  central  group,  which 
diverge  into  the  genus  Cyathaxonia  on  the  one  side,  and  indicate  a 
transitional  tendency  into  another  remarkable  group  which  I  pro- 
pose to  designate  Fasciculophyllutn.   In  order  that  that  relationship 
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may  be  better  understood,  I  will  briefly  refer  to  the  specific  dis- 
tinctions of  a  few  of  the  species. 

Lophophyllum  pitrvulum.    (Thomson  and  Nicholson.) 
Plate  X.,  Figs.  2  and  2a. 

Specific  Characters. — Corallum  simple,  small,  cylindro-conical, 
and  curved.  The  epitheca  is  stout,  and  marked  with  longitudinal 
ridges,  crenulate  encircling  lines,  and  shallow  irregular  annula- 
tions  of  growth.  The  calice  is  circular  and  deep.  The  septa  are 
of  irregular  length.  A  portion  of  them  extend  inwards  to  near  the 
centre  of  the  calicular  cavity,  and  curv^e  sharply  downwards  to  the 
floor  of  the  deep  fossa,  and  another  portion  is  considerably  shorter. 
A  septum  extends  into  the  centre,  which  is  clavate,  and  near  its 
inner  end,  half-a-line  below  its  upper  boundary,  there  is  a  semi- 
circular expansion,  exposing  in  each  side  a  thin  projecting  plate, 
which  becomes  stout  and  folds  round  the  inner  margin  of  the 
clavate  columellarian  protuberance,  resembling  a  miniature  saddle 
or  cushion.  There  are  twenty-four  primary  septa,  alternating  with 
an  equal  number  of  minute  secondary  septa.  These  fold  and  become 
attached  to  the  primary  septa.  The  interseptal  dissepiments  are 
sparse.  The  septal  fossula  is  large,  a  septum  of  shorter  length 
extends  into  it,  and  there  is  a  deep  depression  of  the  tabulje  at  the 
inner  end  of  the  fossula. 

Formation. — Lower  carboniferous. 

Locality, — Found  at  Charleston,  Fifeshire. 

This  species  is  readily  distinguished  from  all  the  vaiieties  of  the 
genus  by  the  pulvate  termination  of  the  septal  columella  and  the 
greater  extension  inward  of  a  number  of  the  septa. 

Lophophyllum  reticulatum.    (Thomson  and  Nicholson. ) 

Plate  X.,  Figs.  1  and  1a,  4  and  4a. 

This  species  is  distinguished  by  the  greater  development  of  the 
interseptal  dissepiments  and  more  limited  extension  of  the  septa 
inwards,  and  one  of  the  septa  extends  inwards  and  unites  with  the 
clavate  columella.  In  a  corallum  four  lines  in  diameter  there  are 
twenty-four  primary  septa,  whose  extension  inwards  is  irregular, 
and  these  alternate  with  an  equal  number  of  minute  secondary 
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septa ;  and  the  fossula  is  large,  and  two  of  the  primary  septa  ex- 
tends into  it  about  half  the  length  of  the  othera. 
Formation, — Lower  carboniferous. 

Locality. — Found  at  Shields,  East  Kilbride,  Lanarkshire. 

Lophophyllum  eruca.  (M'Coy.) 

Plate  X.,  Figs.  3  and  3a. 

This  species  differs  from  the  preceding  by  the  delicate  septa,  and 
interseptal  dissepiments,  and  by  the  fact  that  the  columellarian 
septum  is  never  so  stout,  and  is  much  less  clavate.  Indeed,  in  some 
species  the  clavate  aspect  is  totally  wanting,  and  the  fossula  is  in- 
distinct. 

Formation,  — Lower  carboniferous. 

Locality, — Found  at  Auchenskeoch,  Dairy,  Ayrshire. 

Lophophyllum  intermedium,    (Thomson.)    Sp.  no  v. 
Plate  VL,  Figs.  27  and  28. 

Specific  Characters,  —  Corallum  simple,  cylindro-conical,  and 
cui'ved.  The  epitheca  is  stout,  and  marked  with  encircling  lines 
and  shallow  annulations  of  growth.  The  calice  is  moderately 
deep.  The  septa  are  irregular,  and  imite  into  fasciculate  groups, 
and  the  central  septum  extends  inward,  several  of  them  being 
united  to  the  columellarian  septum,  while  the  secondary  septa  are 
hardly  recognizable.  The  interseptal  dissepiments  are  sparse,  and 
the  columellarian  septum  terminates  as  a  tubercular  protuberence. 
The  fossula  is  indistinct. 

Formation. — Lower  carboniferous. 

Locality, — Found  at  Shields,  East  Kilbride,  Lanarkshire. 

It  will  thus  be  apparent  that  in  this  genus  there  are  represented 
structural  details  that  clearly  indicate  divergent  conditions,  and 
which  consist  of — (1)  In  Loph.  jmrvulum  the  i*ecurved  process  at  the 
inner  end  of  the  columellarian  septum  is  foreshadowed  in  one 
species  of  Phillipsastrea,  It,  however,  differs  from  that  genus  by 
the  fact  that  it  is  a  simple  coral,  and  never  found  in  compound 
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masses,  and  the  septa  ai-e  always  encircled  by  a  wall,  while  in 
PhiUi])sastrea  the  septa  are  confluent,  and  there  is  never  a  wall. 
(2)  Lophophylhini  eruca.  The  septa  are  never  so  stout,  and  the 
clavate  aspect  of  the  columellarian  septum  is  scarcely  recognizable. 
The  septa  are  more  iiTegular  in  their  arrangement,  and  uiK)n  the 
whole  the  structural  details  are  more  delicate.  (3)  Loph.  reti- 
culatum  may  be  regarded  as  typical  of  the  genus.  (4)  Loph. 
intermedium  indicates  a  transitional  tendency  by  the  fasciculate 
arrangement  of  the  septa,  and  shows  clearly  its  divergent  character 
and  its  alliance  to  the  genus  Fasciculophyllum.  It  is,  however, 
separated  from  the  genus  by  the  possession  of,  and  the  extension 
inwards  to  the  centre  of  the  columellarian  septum,  and  thus  the 
stnictural  characters  of  Lophophyllum  predominates;  and  therefore 
we  can  only  regard  such  forms  as  diverging  species,  and  as  varieties 
between  the  genus  LophojyhyUum  on  the  one  hand,  which  merge  and 
unite  the  group  into  that  of  the  genus  FasdciilophyUum,  and  thus 
adds  additional  testimony  to  the  endemic  nature  of  the  animals  whose 
skeletal  frame  is  pi'esented  in  varied  and  divergent  sclerodermic 
organic  remains.  This  group  has  more  or  less  intimate  relation 
to  Kdninckophylkcm  on  the  one  hand  and  to  Axophyllum  on  the 
other.  The  latter  genus,  therefore,  falls  to  be  examined,  in  order 
to  know  wherein  that  relationship  consists. 


Genus  Axophyllum.    (Edwards  and  Haime.) 

Generic  Cliaracters. — Corallum  simple,  turbinate,  and  curved. 
The  epitheca  is  of  variable  stoutness,  and  marked  with  encircling 
lines  and  annulations  of  growth.  The  calice  is  shallow,  and  the 
centre  of  its  floor  is  occupied  with  a  styliform  columella,  and  sur- 
rounded by  more  or  less  spirally-twisted  lamella,  which  occupy  the 
space  between  the  inner  ends  of  the  primary  septa  and  the  styli- 
form columella,  and  ai-e  seen  in  the  floor  of  the  calice  to  be  more 
or  less  concave  around  the  columellarian  rod.  The  septa  are  of 
two  orders.  The  primary  are  lamellar,  and  there  are  interlamellar 
tmbeculffi.  The  primaiy  are  intersepted  at  their  inner  ends  by  the 
structural  details  of  the  columellarian  area.  The  secondary  septa 
are  minute,  and  in  some  species  are  hardly  recognizable  in  the 
dense  zone  of  vesicular  tissue  they  intersect.  The  interseptal 
dissepiments  are  numerous  in  the  outer  zone  and  sparse  in  the 
interlocular  area.    A  fossula  is  present. 

Vol.  XIV.  2  y 
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As  regards  the  i-elationship  of  the  geniis  Axaphyfluni^  a  careful 
examination  of  the  structural  details  leaves  no  doubt  that  there  is 
a  combination  of  characters  which,  while  the  generic  structure  is 
clearly  indicated  in  such  forms  as  Axophyllum  expanaum  (E.  and 
H.,  Plate  XI.,  Figs.  8  and  8a),  may  be  regarded  as  the  type  of  the 
genus.  In  other  varieties  of  the  genus  there  is,  however,  presented 
divergent  character,  which  i>oint  to  its  alliance  with  other  groups, 
and  which  may  l>e  traced  passing  from  the  genus  JConinckophyllum 
into  that  of  Axophyllum,  and  to  merge  and  become  united  to  the 
genus  Cluiophyllnm.  This  will  ho  better  understood  by  compar- 
ing the  structural  details  of  the  three  forms  I  have  selected  from 
many  othei*s  to  illustrate  my  observations. 

Axophjflhim  expans)fni.    (Edwards  and  Haime.) 
Plat€  XL,  Figs.  Sand  8a. 

Specific  Characters. — Corallum  simple,  and  extremely  turbinate. 
The  epitheca  is  thin^  and  marked  with  minute  encireling  lines  and 
shallow  annulations  of  growth.  The  calice  is  broad,  shallow,  and 
everted.  The  septa  extend  inwai*ds,  and  are  intercepted  by  a 
system  of  more  or  less  spirally-an*anged  lamellsB,  which  occupy  the 
central  space,  and  which  is  bisected  by  a  styliform  columella.  In  a 
transverse  section  (Fig.  8a)  the  primary  septa  are  stout,  flexuous,  and 
lamellar,  and  there  are  interlamellar  "  trabeculae.'*  The  secondary 
septa  are  minute,  and  each  is  united  by  rectangular  interaeptal 
dissepiments,  which  are  numereus  in  the  interseptal  area  and  remote 
in  the  interlocular  area.  The  fossula  is  moderately  large,  and  a 
plate  from  the  centi-al  area  extends  into  it. 

Height  of  corallum,  1  inch ;  diameter  of  calice,  1  inch  7  Hues. 
The  section  represented  in  Fig.  8a  is  taken  half  an  inch  from  the 
base. 

Formation. — Lower  carboniferous. 
Locality. — Found  at  Charleston,  Fifeshire. 

Axophyllum.    Sp.  (0 

Plato  XI.,  Fig.  10. 

This  species  differa  from  the  preceding  by  the  presence  of  a 
cellular  cylindrical  eolumellarian  rod,  and  the  area  between  the 
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columella  is  occupied  by  a  system  of  more  fully-developed  lamellae. 
They,  however,  do  not  extend  into  the  columella.  The  primary 
septa  ai*e  more  delicate  in  the  outer  area,  and  the  secondary  septa 
extend  considerably  further  inwards.  The  zone  of  interseptal 
dissepiments  is  greatly  more  dense,  and  the  fossula  is  larger,  thus 
indicating  a  move  or  less  near  relation  to  the  genus  Cyathaxonia 
by  the  possession  of  the  cellular  cylindrical  columellarian  rod.  It, 
however,  differs  from  that  genus  in  the  possession  of  a  series  of 
aborted  lamellje  that  extend  from  the  inner  ends  of  the  primary 
septa  inwards  to  near  the  cylindiical  columella,  while  in  Cyath- 
axania  the  septal  system  is  united  to  the  cylindrical  columella  at 
the  bottom  of  the  deep  calice. 

Axophyllum.    Sp.  (?) 
Plate  XL,  Fig.  II. 

This  species  is  recognized  by  the  circumscribed  central  area,  the 
sparse  development  of  the  lamellar  details  between  the  inner  ends 
of  the  primary  septa,  extending  inwards  to  the  loose  cellular 
columella,  and  the  columella  is  greatly  elongated,  and  formed  of 
convex  plates,  convexity  pointing  outwards,  and  may. therefore  be 
regarded  as  an  intermediate  or  passage  form  between  the  genus 
Koninckophyllum^  uniting  the  latter  to  the  genus  Axojyhyllum,  and 
thus  indicates  the  polymorphic  character  of  the  group,  and  which 
point  to  (1)  Aocop.  expansum  which  may  be  regarded  as  typical  of  the 
genus.  (2)  Axop.  (Fig.  10)  is  separated  from  the  former  by  the 
possession  of  a  cellular  cylindrical  columellarian  rod,  and  thus 
indicates  its  relationship  to  the  genus  Cyathaxotiia,  and  thus 
exhibits  its  divergent  character  in  another  direction,  which,  with 
further  development,  would  merge  into  the  genus  Aulaphyllum, 
The  latter,  however,  differs  from  Axophyllum  in  the  larger  colu- 
uiellarian  tube  and  its  floor  is  formed  by  rectangular  tabulie. 

Upon  the  whole,  while  those  genera  are  more  or  less  related  by 
the  presence  of  the  columellarian  rod,  yet,  from  the  above,  we 
realize  that  that  relationship  is  simply  indicated,  that  each 
possesses  structural  charactei-s  that  unite  them  to  their  own  in- 
dividual groups,  and  that  while  each  group  presents  divergent 
characters,  yet  in  each  there  is  clearly  pronounced  an  individu- 
ality which  can  at  all  times  be  readily  recognized.  In  each 
we  have  exemplified  their  innate  tendency  to  vaidation,  and  each 
modification  illustrates  the  latent  piinciple,  that  differentiation  is 
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the  resultant  of  the  mobility  and  plasticity  of  the  tissues  of  the 
living  animals  that  fabiicated  those  organic  remains.  When 
referring  to  the  structural  characters  of  the  genus  Acrophyllumy  I 
stated  that  in  certain  species  of  that  group  thei-e  were  indications 
of  modification,  and  that  there  were  forms  that  presented  transi- 
tional tendencies  which  indicated  their  mergence  and  relation  to 
the  genus  Dibunojihyllum  (Thomson  and  Nicholson),  which  in  a 
connected  series  falls  now  to  be  considered. 

Genus  Dibunophyllum.    (Nicholson  and  Thomson.) 

Generic  Characters, — Corallum  simple,  turbinate,  or  cono- 
cylindrical.  The  epitheca  is  usually  thin,  and  there  are  encircling 
lines  and  annulations  of  growth.  The  calice  is  of  variable  depth, 
exhibiting  in  the  centre  of  its  floor  a  ix)und  eminence,  which  is 
slightly  raised  above  the  inner  ends  of  the  primary  septa,  and  is 
divided  into  two  equal  halves  by  a  distinct  longitudinal  mesial  crest. 
The  calicine  eminence  is  formed  by  a  system  of  vertical  lamellae, 
which  are  united  by  interlamellar  dissepiments,  and  attached  to 
the  inner  ends  of  the  primaiy  septa  by  sub-convolute  plates,  but 
are  altogether  independent  of  either  the  septa  or  lamellte.  These 
vertical  lamellae  appear  on  the  surface  of  the  calicinal  boss  as  so 
many  ridges,  which  radiate  from  the  margin  of  the  central  area  to 
the  sides  of  the  mesial  crest. 

The  septa  are  of  two  orders.  The  primaiy  are  lamellar,  and 
there  are  interlamellar  "  trabeculae."  The  secondary  septa  are  short 
and  hardly  recognizable  in  the  dense  vesicular  tissue  they  intersect, 
and  each  is  united  by  more  or  less  angular  interseptal  dissepiments, 
which  are  dense  in  the  outer  interseptal  zone  and  sparse  and 
rectangular  in  the  interlocular  area.  A  fossula  is  present.  The 
longitudinal  section  (Plate  XII.,  Fig.  2b,)  is  triareal,  exhibiting  the 
median  rod,  and  the  interlamellar  dissepiments  are  more  or  less  con- 
cave near  the  centre,  and  convex  near  the  outer  margin  of  the 
central  area — the  space  between  the  inner  ends  of  the  septa  and 
the  outer  margin  of  the  lamella?,  or  "intermediate"  area,  being 
occupied  by  an  irregularly-disposed  system  of  plates  ;  and  the 
outer  ("interseptal")  area  occupied  by  a  broad  zone  of  convex  cells, 
convexity  pointing  upwainis  and  inwards,  and  arranged  in  oblique 
rows. 

In  the  general  features  of  their  internal  organization,  the 
forms  which  belong  to  the  genus  Dibunophyllam  present  a  near 
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relation  to  those  which  properly  belong  to  the  genus  Clisiophyllum, 
(Dana) ;  and  in  the  possession  of  the  median  plate  it  is  closely  allied 
to  the  genus  Acrophylliim ;  but  they  are  nevertheless  separated  by 
characters  sufficiently  distinct  to  warrant  them  being  placed  in 
genus  by  themselves. 

Firstly,  The  calicinal  boss  is  formed  of  vertical  lamellse,  and 
united  by  interlamellar  dissepiments,  and  it  is  divided  in  two 
halves  by  a  medium  ridge ;  while  in  Clisiophyllum  the  boss  in  the 
floor  of  the  calicular  cavity  is  conical,  and  the  lamellae  converge 
inwards  from  the  outer  margin  of  the  conical  eminence  to  the 
styliform  columellarian  rod  in  the  centre,  and  in  the  summit  of 
the  conical  boss.  Hence  the  great  difference  as  to  the  appearance 
presented  in  the  calice  of  these  two  gi'oups.  In  Clisiophyllum 
there  is  a  tent-shaped  or  conical  calicinal  boss,  the  sides  of  which 
are  marked  by  spirally-twisting  or  straight  ridges,  which  are  the 
free  edges  of  these  vertical  lamellae,  and  radiating  from  the  margins 
to  the  summit  of  the  boss.  In  Dihunophyllum,  on  the  other  hand, 
we  find  a  low,  rounded  calicinal  boss,  which  is  divided  into  two  equal 
halves  by  a  median  ridge,  to  the  sides  of  which  are  attached  the 
radiating  ridges  representing  the  free  ends  of  the  vertical  lamellse. 
In  both  genera,  however,  it  is  to  be  remembered  that  the  vertical 
lamellae  of  the  central  area  are  not  continuations  of  the  primary 
septa,  but  are  independent  of  these  structures,  and  are  only  connected 
with  them  by  the  intervention  of  a  system  of  subcon volute  plates. 
The  tabulae  of  the  central  ai-ea  in  Dibunophyllum  are  more  or  less 
elevated  towards  the  middle  line,  as  they  are  in  Clisiophyllum; 
but  they  are  concave,  whereas  in  the  latter  they  are  convex,  con- 
vexity pointing  upwards  and  outwards. 

Secondly,  The  intermediate,  or  "interlocular'^  area,  and  in  the 
external  area,  the  "interseptal"  area,  the  characters  of  which  are 
similar  in  Clisiophyllum  and  in  Dibunophyllum.  Indeed,  in  all 
other  respects  the  structural  details  are  more  or  less  similar  in 
each ;  but  being  satisfied  that  it  is  alone  in  the  central  area  that 
we  can  rest  generic  distinction,  and  from  the  fact  that  in  those 
genera  the  boss  in  the  centre  is  so  markedly  different,  their  generic 
distinction  is  of  a  very  marked  character. 

Tliirdly.  There  falls  now  to  be  noticed  the  distinctive  chai'acters 
of  the  genus  Acrophyllum  and  of  Dibiuwphylhun,  In  the  former 
the  calicinal  boss  is  divided  by  a  median  ridge  as  in  the  latter. 
In  the  latter,  however,  as  we  have  seen,  there  is  a  system  of  vertical 
lamellae  which  converge  inwards  from  the  inner  margins  of  the 
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primaiy  septa  and  are  united  by  interlamellar  dissepiments ;  while 
in  the  former  the  median  plate  bisects  the  tabulte  of  the  central 
area,  and  the  lamellse  are  only  foreshadowed  by  the  presence  of 
minute  radiating  plates,  and  developed  on  the  superior  face  of  the 
tabulse;  and  the  structural  details  of  the  outer  interseptal 
area  are  usually  more  dense  in  AcrophyUum  than  in  Dibuno- 
phyllum.  Upon  the  whole  the  generic  characters  are  distinct  and 
easily  recognized  in  each. 

Dihximphyllum  aphiulem.    (Nicholson  and  Thomson.) 
Plate  XII.,  Fig.  1. 

Specific  Characters, — Coi'allum  simple,  cono-cylindricaJ,  and  of 
large  size.  The  epitheca  is  thin,  with  encircling  stria  and  annular 
tions  of  growth — the  centi'al  area  occupying  somewhat  leas  than 
a  thiixl  of  the  total  diameter.  The  radiating  vertical  lamellse  are 
disposed  with  great  regularity  on  both  sides  of  the  mesial  partition; 
and  the  interlamellar  spaces  are  occupied  with  close-set  curved 
dissepiments,  representing  the  cut  edges  of  the  concave  tabulse. 
The  septa  are  numerous ;  there  are  seventy-eight  primary,  and 
these  alternate  with  an  equal  number  of  secondary  8ept%  which 
are  minute,  and  hardly  recognizable  in  the  dense  zone  of  vesicular 
tissue  they  intei*sect.  The  fossula  is  small,  and  two  of  the  primary 
septa,  of  shorter  length  than  the  others,  extend  into  it 

Fornia lion, — Lower  carboniferous. 

Locality, — Found  at  Gateside,  Beith,  Ayrehire. 

Dibitnophylhim  M^Chtsiieyi,   (Nicholson  and  Thomson.) 

Plate  XII.,  Figs.  2,  2a,  and  2ij. 

This  species  is  readily  distinguished  from  the  preceding  by  the 
less  regular  structuml  details  in  the  central  area.  The  septa  are 
not  so  numerous,  and  the  median  ridge  stops  shoH  of  the  outer 
margin  of  the  central  area,  and  may  thus  be  regarded  as  pointing 
tx)  a  transitional  tendency.  Indeed,  I  might  have  intixxluoed  a 
large  series  of  illustrations,  showing  the  gradual  diminution  of  the 
median  ridge  on  the  ventral  side,  and  passing  by  minute  gradations 
into  the  genus  AspidophyUum^  its  nearest  ally.  Fig.  2  shows  the 
an-angement  of  the  structural  characters  of  the  central  areti. 
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Dibunophylluiu.    Sp.  nov. 

Plate  XII.,  Fig.  3. 

This  species  is  separated  from  the  preceding  by  the  strongly- 
pronounced  luedian  pai*tition,  the  small  central  area,  the  less 
numerous  septa,  the  sparse  loose  vesicular  tissue  in  the  inter- 
septal.  spaces,  and  the  small  fossula.  Indeed,  its  distinctive 
character  is  so  pronounced  that  it  need  not  be  further  referred  to. 

It  will  thus  be  apparent  that  the  combination  of  charactei-s 
presented  in  Dibunophyllum  is  such  as  to  place  the  distinctness  of 
the  genus  beyond  doubt;  and  there  is  also  clearly  indicated  a  series 
of  transitions  which  merge  from  one  group  injto  other  allied  genera, 
and  occupy  a  central  position  with  divergent  characters — show- 
ing that  modification  has  been  affected  in  this  series  by  the  in- 
nate tendency  to  variation  induced  in  the  tissues  of  the  animal 
by  causes  of  which  we  are  ignorant.  Yet  that  ignorance  induces 
ns  moi*e  and  more  to  admire  those  modihcatious  and  adaptation  of 
parts  to  an  ultimate  whole ;  and  thereby  leads  us  to  inquire  how 
far,  and  what  structural  characters  indicate  the  relationship  between 
this  group  of  organic  i*emains  and  Clisiophyllum. 

Genus  Clisiophyllum.  (Dana.) 

Generic  Cliaracters.  —  Corallum  simple,  turbinate  or  cono- 
cylindrical,  and  curved.  The  epitheca  is  of  variable  thickness, 
and  marked  with  crenulating  lines  and  iiTegular  annulations  of 
growth.  The  calice  is  variable  in  depth,  and  exhibits  in  the  centre 
of  its  floor  a  conical  boss.  The  surface  of  the  boss  presents  a 
system  of  lamellae,  which  in  some  forms  are  more  or  less  spirally 
bent ;  whilst  in  others  they  ai'e  straight  and  are  attached  to  the 
inner  ends  of  the  primary  septa  by  the  intervention  of  a  system  of 
delicate  curved  plates,  and  extend  inwaixls  and  upwards  to  the 
median  stylifonn  columella,  on  the  crown  of  the  conical  boss,  and 
each  is  united  by  interlamellar  dissepiments.  The  septa  are  of 
two  orders.  The  primary  septa  never  extend  further  inwards 
than  near  to  the  outer  margin  of  the  central  boss,  and  in  a  trans- 
verse section  exhibits  lamince  for  a  greater  or  less  extent  from  their 
inner  ends ;  while  towards  the  periphery  they  are  single,  and  more 
or  less  flexuouB.    The  interlamellar  space  is  occupied  by  minute 
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transverse  granular  plates  ("trabecul®"),  varying  in  number  in  the 
different  species,  which  in  a  longitudinal  section  are  seen  to  pass 
inwards  and  downwards  along  the  inner  face  of  the  lamince.  The 
secondary  septa  are  of  variable  length;  they  are  united  by  inter- 
septal  dissepiments,  which  are  few  in  number  near  the  inner  ends 
of  the  primary  septa,  and  more  numerous  in  the  external  area, 
where  they  form  a  more  or  less  dense  vesicular  tissue.  The  fossula 
is  varied  in  size  in  the  different  varieties,  but  usually  well  marked. 

The  longitudinal  section  (Plate  XIII.,  Fig.  5)  is  triareal.  The 
middle  of  the  central  area  is  occupied  by  a  median  line,  which 
extends  from  the  inferior  to  the  superior  extremity,  and  presents  a 
crest  in  the  crown  of  the  conical  boss  in  the  centre  of  the  calicular 
cavity.  On  each  side  of  the  median  line  there  is  a  system  of 
vesicular  tabulae,  which  are  directed  upwards  and  inwards  to  join 
in  the  columellarian  line.  The  intermediate  area  ("  interlocular  ") 
space  is  occupied  by  a  system  of  large  convex  vesicles  j  the 
external  area  ("intei-septal")  space  is  occupied  by  convex  vesicular 
tissue,  convexity  pointing  upwards  and  inwai'ds,  and  arranged  in 
oblique  rows. 

As  regards  the  relationships  of  the  genus  ClisiaphyUum  in  the 
general  features,  the  external  aspect  presents  characters  of  a  very 
distinct  nature,  and  can  at  all  times  be  distinguished  from  all  the 
other  known  genera ;  while,  however,  the  central  types,  which 
are  numerous,*  exhibit  details  that  clearly  exemplify  their  generic 
character.  There  are,  however,  modified  forms  which  can  only  be 
regarded  as  varieties,  and  which  possess  structural  modifications 
that  illustmte  in  the  most  forcible  manner  the  alliance  of  the 
genus  to  other  more  or  less  related  groups,  and  show  that  there  are 
divergent  characters  in  these  modifications  which  indicate  their 
transitional  tendency,  and  which  diverge  in  varied  directions. 

The  genus  Clisiojyhyllum  is  more  or  less  related  to  the  genera 
Lonsdaleia,  Asjndophyllum,  Dihunophyllum^  RhodophyUuvi,  and 
Cyniateophyllum.  From  Lonsdaleia  (M*Coy)  it  is  distinguished  by 
the  totally  different  armngement  of  the  septal  system.  In  the 
latter  they  stop  short  and  are  intercepted  from  the  periphery  by  a 
zone  of  vesicular  tissue,  which  is  more  or  less  dense  around  the 
periphery,  and  is  always  compound,  and  gemmation  is  always 


*  For  a  detailed  account  of  the  different  definitions  and  the  variety  of 
species  I  beg  to  refer  to  my  paper  in  the  Society's  Proceedings  for  1882. 
In  that  communication  I  describe  twenty-one  species. 
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produced  by  an  enlargement  of  the  interseptal  space  in  which 
gemmation  takes  place,  and  ultimately  the  theca  is  ruptured  at 
the  lip  of  the  calice,  and  is  therefore  lateitd;  and  thus  the  young 
corallites  grows  side  by  side  with  the  parent,  and  therefore  forms 
compound  fasciculate  masses.  From  Aspidophylluni  it  is  clearly 
separated.  In  the  latter  there  is  no  median  line  extending  from 
the  inferior  to  the  superior  extremity  of  the  corallum,  and  the 
centre  of  the  corallum  is  occupied  by  more  or  less  discontinuous 
vertical  plates,  which  are  united  by  moi-e  or  less  concave  tabulae, 
the  free  ends  of  which  are  seen  in  the  centre  of  the  calice  to  arise 
near  the  inner  ends  of  the  primary  septa  and  to  converge  inwards, 
and  form  a  helmet-shaped  boss  in  its  centre.  From  Dibunophyllum 
by  the  slightly-raised  boss  in  the  centre  of  the  calice,  which  is 
always  divided  in  two  equal  halves  by  a  mesial  partition,  and  by 
the  more  or  less  discontinuous  vertical  plates  in  the  columellarian 
area,  which  are  united  by  concave  tabulae.  From  RhodophyUum, 
In  the  latter  the  boss  in  the  centre  of  the  calice  is  dome-shaped  and 
occupied  by  sub-convolute  lamellsB,  which  fold  round  an  imaginary 
axis,  and  there  is  totally  different  structure  of  the  central  area,  which 
is  formed  of  discontinuous  lamellar  vertical  plates,  these  being 
united  by  slightly  concave  tabulae,  which  latter  is  usually  of  large 
dimensions.  And  from  Cyvmteophylluin  by  the  fact  that  the  centre 
of  the  central  area  is  more  or  less  concave,  and  the  lamellae  are 
sinuous,  and  frequently  a  portion  of  them  extend  across  the  centre 
of  the  columellaiian  area,  and  the  sinuous  discontinuous  columel- 
larian vertical  plates  in  the  central  area,  which  are  united  by 
dense  endothecal  tissue. 

It  will  thus  be  seen  that  the  above  marked  characters  of  the 
central  area  are  sufficiently  distinct  to  warrant  the  separation  of 
these  groups  in  separate  genera,  and  that  while  each  group  has 
central  types  pronounced  in  their  structural  details,  in  each  and 
all  of  them,  however,  there  are  varieties  which  clearly  foreshadow 
morphological  changes  which,  with  further  development,  fill  up  the 
intermediate  variations,  and  thus  merge  and  unite  varieties  into 
species  and  genera  of  an  extremely  diverse  chai*acter. 

Clisiophylliim  bipartitum.  (M*Coy.) 

Plate  XIII.,  Fig.  1. 

Specific  Characters. — Corallum  simple,  tall,  cylindro-conical, 
and  curved.    The  calice  is  deep,  and  exhibits  in  the  centre  of  its 
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Hoor  a  broad  conical  boss.  The  surface  of  the  boss  is  marked  with 
a  system  of  lamellae,  which  extend  inwards  from  near  the  inner  ends 
of  the  primary  septa,  and  upwards  to  the  median  columellar  crest  in 
the  crown  of  the  bos&  The  epitheca  is  moderately  stout,  and 
marked  with  encircling  lines  and  irregular  and  shallow  simula- 
tions of  growth.  The  septa  are  stout,  and  lamellar  for  three- 
fourths  of  their  length  from  their  inner  ends,  and  in  the  outer 
area  they  are  single,  thin,  and  iiexuous.  There  are  ten  interlamellar 
plates  trabeculse'')  in  the  space  of  a  line,  which  are  the  cut  ends 
of  the  interlamellar  stria?.  There  are  sixty-two  primary,  alternating 
with  an  equal  number  of  secondary  septa.  The  latter  extend 
inwards  for  nearly  three-fourths  of  the  length  of  the  primary,  and 
all  are  united  by  rectangular  interseptal  dissepiments,  which  ai-e 
numerous  in  the  outer  area  and  few  in  number  in  the  intei*- 
mediate  ("interlocular")  area.  The  central  ("columellarian")  area  is 
composed  of  thirty-six  lamellae,  which  are  united  to  the  inner  ends 
of  the  primary  septa  by  the  intervention  of  a  system  of  delicate 
plates,  and  a  portion  of  them  converge  mwards  to  the  median  crest, 
whilst  others  stop  short  and  become  united  to  the  lai-ger  lamella^ 
and  all  are  united  by  rectangular  interlamellar  dissepiments.  The 
median  boss  exhibits  the  cut  ends  of  the  inner  series  of  the  inter- 
lamellar dissepiments,  which,  in  a  longitudinal  section,  converge 
inwaixls,  and  become  united  in  the  centre  of  the  central  area,  and 
form  the  columellarian  line  that  extends  from  the  inferior  to  the 
superior  extremity  of  the  corallum.  The  fossula  is  distinct,  and 
two  of  the  primary  septa,  of  shorter  length  than  the  othei*s,  extend 
into  it. 

Height  of  corallum,  foui-  inches ;  diameter  of  calice,  one  inch 
four  lines. 

Formation. — Lower  carboniferous. 

Localifj/. — Found  at  Broadstone,  Beith,  Ayrshire. 

Clisiophi/Uum  obloyifjutn.  (Thomson.) 

Plato  XIII.,  Fig.  L'. 

This  species  difters  from  the  preceding  by  the  oblong  central 
area,  the  less  dense  septal  system,  and  the  limited  vesicular  ti.ssue 
in  the  outer  area,  and  the  smaller  septal  fossula. 
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Glisiophyllam  suOimbricatum.  (Thomson.) 

Plate  XIII.,  Fig.  3. 

This  species  is  distinguished  by  the  subimbricate  arrangement 
of  the  central  area,  which  indicates  a  transitional  tendency,  and  is 
more  or  less  related  to  the  genus  Bhofiophyllum. 

Clisiophyllum  comseptutti.  (Keys.) 

Plate  XIII.,  Fig.  4. 

This  species  is  readily  recognized  by  the  limited  central  area,  the 
loose  structural  details,  the  irregularly  ari*anged  lamellae,  and  the 
extension  of  the  median  crest  to  the  fossula  on  the  dorsal  side  of 
the  corallum.  The  primary  septa  are  much  longer,  and  the  sparse 
intei*septal  dissepiments,  and  points  to  a  transition  into  the  genus 
Asjndophyllum. 

Cli^nophyllam  M^Coyiamun.  (Thomson.) 

Plate  XIII.,  Figs.  5  and  5a. 

This  species  is  characterised  by  the  central  area  and  the  dense 
interlamellar  dissepiments,  which,  in  a  longitudinal  section,  are 
exposed  as  closely-arranged  convex  cellular  tissue  around  the 
columellarian  rod.  Its  numerous  septal  system,  and  rectangular 
and  dense  interseptal  dissepiments,  are  more  to  be  regarded  as 
being  nearly  allied  to  Clis.  Hjyartitum,  once  typical  of  the  genus. 
There  ai-e  two  groups  of  minute  granular  bodies  enclosed  into 
elongated  cells,  which,  1  believe,  are  ova  sacs,  and  which  I  purpose 
i-eferring  to  in  detail  by-and-by. 

Clisiophylluni  intermedium,  (Thomson.) 

Plate  XIII.,  Fig.  (5. 

ThLs  species  is  so  unlike  all  the  other  species  of  the  genus,  that 
a  cursory  examination  of  the  large  central  area,  and  convergence 
of  a  portion  of  the  lamella'  into  the  centre,  indicates  its  alliance  to 
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the  genus  Centrophyllum  ;  while  on  the  opposite  side  the  lamellie 
are  more  or  less  sinuous,  and  therefore  point  to  a  transitional 
tendency  to  Cymateophylluniy  thus  exhibiting  characters  that 
properly  belong  to  two  other  groups.  The  central  crest  is  the 
distinguishing  character  of  Clisiophyllum,  and  therefore  can  only 
be  regarded  as  an  intermediate  variety  between  the  latter  and  the 
two  former  genem. 

The  species  of  this  genus  are  not  only  numerous,  but  exhibit 
characters  of  a  most  diverse  nature,  and  therefore  yield  a  large 
number  of  varieties,  which  may  be  cursorily  reviewed. 

(1)  Clisiophyllum  hipartitum  and  Clis.  M^Goyianum  exhibit 
the  distinctly  pronounced  structural  details  of  the  genus,  and  may 
thus  be  regarded  as  central  types. 

(2)  Clisiophyllum  subimbricaium. — While  it  thus  possesses  the 
median  crest,  and  the  lamellar  details  of  the  genus,  yet,  from  the 
fact  that  a  portion  of  the  lamella  being  sub-convolute,  indicates  a 
transition  which,  with  further  development,  would  merge  into  the 
genus  Rhodophyllum. 

(3)  Clisiophyllum  conoseptum, — This  species  is  of  larger  dimen- 
sions, and  the  structural  details  in  the  central  area  are  of  less 
marked  clisiophylloid  character ;  and  the  extension  of  the  median 
crest  indicates  an  intermediate  or  passsige  form  between  Clisio- 
phyllum and  Aspidophyllum. 

(4)  Clisiophyllum  intermedium  is  distinguished  by  the  conver- 
gence to  the  centre  of  the  lamellae  on  the  one  side  of  the  central 
area ;  and  on  the  other,  the  more  or  less  sinuous  lamella;  converging 
inwards  point  to  a  dimorphic  transitional  character,  which  more 
or  less  unites  Centrophyllum  and  Cymat^ophyllum  and  the  genus 
Clisiophyllum. 

While  there  is  thus  indicated  transitional  relationships  in 
the  group,  as  pointed  out,  there  are  structural  differences  of  a 
very  marked  nature,  which  shows  clearly  that  the  polymorphic 
indications  are  more  or  less  univei-sally  developed  throughout  the 
series.  Although  I  am  satisfied  that  our  investigations  have  not  yet 
got  beyond  the  threshold  of  the  inquiry,  yet,  from  what  has  been 
imperfectly  indicated,  there  is  no  ground  for  doubt  that  the  evolu- 
tionary tendency  of  all  indicate  the  absorbing  principle  that  modifi- 
cation is  inherent,  and  that  variation  is  universally  identified  with 
all  organic  matter. 

At  page  70 — in  which  reference  is  made  to  the  structural  details 
of  the  genus  Zaphrentisy  and  its  relationshij^s  to  other  genera — 


Mr.  Thomson  on  Corals  of  Carboniferous  System  of  Scotland.  445 

I  referred  to  several  of  the  varieties  in  which  the  septal  system 
extends  inwards  to  the  centre  of  the  corallum,  and  further  stated 
that  such  varieties  indicated  a  near  relation  to  the  genus  Densy- 
phyllum  of  Dybowskei.  The  generic  relations  of  the  latter  I  will 
now  briefly  refer  to. 

Genus  Densyphyllum.  (Dybowskei.) 

Generic  Characters. — Corallum  simple,  small,  cono-cylindrical, 
and  curved.  The  epitheca  is  stout,  and  marked  with  longitudinal 
ridges  and  annulations  of  growth.  The  calice  is  of  varied  depth  in 
the  different  species,  and  the  septa  converge  uninterruptedly  to  its 
centre,  and  at  their  inner  ends  are  dense  and  more  or  less  coalescent. 
The  septa  are  of  two  orders.  The  primary  converge  inwards  to  the 
centre,  and  the  secondary  are  hardly  recognizable  in  some  of  the 
species,  whilst  in  others  they  are  minute.  The  primary  septa  are 
lamellar,  and  interlamellar  plates  ("trabeculaj")  are  faintly  indicated. 
There  is  a  septal  fossula  present. 

In  this  group  there  is  presented  structural  characters  which  may 
be  recognized  by  the  convergence  of  the  primary  septa  inwards  to 
the  centre  of  the  corallum  ;  and,  as  formerly  referred  to,  the 
relationship  of  the  group  unites  it  to  the  genus  Zaphrentis,  by  the 
fact  that  in  one  of  the  species  of  the  latter  the  septa  converge  so 
near  the  centre  that  it  might  be  mistaken  for  a  variety  of  the 
former,  unless  the  specimen  has  been  carefully  sectioned.  In 
Zajyhrentis,  however,  a  portion  of  the  septa  converge  inwards, 
coalesce,  fold  round,  and  form  the  walls  of  the  septal  fossula; 
while  in  the  former,  the  septa  in  no  instance  fold  round  and  form 
the  wall  of  the  fossula;  and  are  thus  separated  from  the  latter  by 
the  septa  extending  inwards  to  the  centre  of  the  corallum,  and  the 
totally  different  arrangement  of  the  fossula.  In  some  of  the 
species,  however,  of  Densyj)hyllum  there  are  structural  charactei*s 
which  further  illustrate  the  transitional  tendency  of  the  group. 
In  the  normal  form  the  septa  extend  into  the  centre  of  the  coral- 
lum. In  one  variety,  however,  the  septa  more  or  less  coalesce 
near  their  inner  ends,  and  the  central  septum  of  the  fascicula 
extends  to  the  centre  on  one  side  of  the  corallum,  while  on  the 
opposite  side  the  septa  pass  into  the  centre,  and  thus  indicate  a 
modification  of  the  normal  condition,  and  clearly  shows  the  mer- 
gence of  a  portion  of  the  genus  into  another  genus,  to  be  referred 
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to  further  ou,  and  which  I  propose  to  name  the  group  Fasciculo- 
phyllum.  In  another  variety  of  DensyphyUum,  however,  some  of 
the  septa  stop  short  of  the  centre,  and  a  spherical  cell  is  developed 
at  the  inner  ends  of  the  short  septa,  and  thus  indicates  a  divergent 
character  in  another  direction,  and,  by  the  possession  of  the  cell, 
implies  a  near  relationship  to  another  group,  the  central  area  of 
which  is  occupied  by  a  greater  or  less  number  of  minute  cells,  and 
in  the  different  varieties  the  cellular  tissue  may  be  traced  from  the 
variety  of  Densyphyllumj  in  wliich  there  is  one  cell  exhibited,  and 
seen  to  merge  into  a  series  of  forms,  in  which  the^cellular  tissue 
is  more  or  less  dense,  and  thus  give  abundant  testimony  to  the 
polymorphic  nature  of  this  small  and  simple  series  of  organic 
remains.  Without  further  enlarging  upon  their  generic  distinc- 
tions, I  will  very  shortly  i^efer  to  a  fow  of  the  specific  characters, 
in  order  to  illustrate  their  generic  relationships. 


Dnm/phyllum  grannlatum.    (Thomson.)    Sp.  nov. 
Plate  X.,  Figs.  12  and  12.\. 

Specific  Characters, — Corallum  small,  simple,  cono-cylindrical, 
and  curved.  The  epitheca  is  thin,  and  the  outer  ends  of  the  septa 
are  extended  outwards  through  the  thin  epitheca,  and  are  seen  as 
longitudinal  ridges  (^'costa'  ),  which  are  minutely  granular,  and  there 
are  shallow  annulations  of  gi-owth.  The  calice  is  wanting.  The 
septa  are  of  two  orders.  The  primary  are  lamellar,  and  extend 
into  the  centre  of  the  corallum,  and  the  secondaiy  are  minute,  and 
bend  laterally  and  become  attached  to  the  primary,  and  the 
primary  septa  are  united  by  spai*se  interseptal  dissepiments.  A 
fossula  is  present,  which  extends  into  the  centre  of  the  calicular 
cavity  on  the  ventral  or  curved  side  of  the  corallum.  Thei-e  are 
twenty-three  stout  primary  septa,  and  these  alternate  with  an  equal 
number  of  minute  secondary  septa.  I  have  not  yet  prepared  a 
longitudinal  section,  l)ut  hope  soon  to  do  so,  when  I  shall  describe 
the  structural  characters  as  presented  in  the  vertical  section. 

Height  of  corallum,  9  lines ;  diameter  of  section,  3J  linea 

Formation, — Lower  carboniferous. 

Locality, — Found  at  Brockley,  Lesmahagow,  Lanarkshire. 
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Densyphyllum  iiiammulaticm,    (Thomson.)    Sp.  nov. 
Plate  X.,  Ffes.  13  and  13a. 

This  si^ecies  difiers  from  the  preceding  by  the  greatly  stouter 
longitudinal  ridges  (^^costa''),  and  there  are  mammulse  along  the  crown 
of  each  ridge.  The  septa  are  more  numerous,  the  fossula  does  not 
extend  to  the  centre,  and  in  the  centre  there  is  one  elongate  cell. 
The  septa  are  closely  fused  together,  and  at  the  inner  ends  are 
indistinct,  and  thus  indicates  by  the  central  cell  the  first  indication 
to  modification. 

Formation. — Lower  carboniferous. 

Locality. — Found  at  Charleston,  Fifeshire. 

Densyphylhiin  Charlpstonemis.    (Thomson.)    Sp.  nov. 
Plate  VJ.,  Fig8.  21 ,  22,  and  22a. 

This  species  is  separated  from  the  preceding  by  tlie  small  smooth 
ridges,  and  the  epitheca  is  stouter.  There  are  crenulate  encircling 
striae,  and  the  large  fossula  extends  into  the  centre.  Two  of  the 
septa  do  not  converge  into  the  centre,  and  therefore  leaves  exposed 
a  small  space,  which  is  occupied  with  tabulie,  and  may  therefore 
be  regarded  as  one  of  the  forms  that  unite  this  gQnw^  to  Zaphrentis. 
I  might  have  given  a  number  of  other  illustrations,  but  our  space 
will  not  permit. 

Formation. — Lower  carboniferous. 

Locality. — Found  at  Charleston,  Fifeshire,  whorf  it  is  abundant. 

Densyphyllum  minutum.    (Thomson.)    Sp.  nov. 
Plate  X.,  Fig.  5. 

This  delicate  little  species  is  separated  from  all  the  preceding  by 
its  minute  form  and  the  septa  being  more  delicate,  and  indicates  a 
transitional  variety  by  the  fact  that  a  number  of  the  septa  unite 
into  fascicles  at  the  centre  of  the  corallum,  and  on  the  other  side 
several  of  the  septa  stop  short,  and  a  small  portion  is  closed  in  by 
tabulse,  thus  uniting  it  to  the  genus  Fasciciilophyllum. 

Formatuyn. — Lower  carboniferous. 

Locality. — Found  at  Netheniewton,  Loudon,  Ayrshire. 
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The  relationship  of  this  little  species  is  so  close  to  the  genus 
Zaphrentis  in  the  possession  of  the  large  fossula  extending  into  the 
centre  of  the  corallum,  that  I  regarded  it  as  belonging  to  the  latter 
genus.  When,  however,  I  began  to  compai*e  the  more  minute 
character  of  their  relationships,  I  was  induced  to  place  it  as  a 
variety  of  the  former,  in  which  is  exemplified  the  tendency  to 
modification  and  variation,  and  in  each  of  the  species  selected  we 
have  the  clearest  indication  that,  with  further  development,  their 
divergent  structural  details  clearly  point  to  variation  of  microscopic 
proportions.  While  the  typical  species  of  the  genus  agrees  in 
every  detail  with  structural  characters  referred  to  by  the  eminent 
Russian  palseontologist,  yet  in  the  species  of  the  genus  we  have 
abundant  evidence  of  their  merging  into  FascicuhphyUum  on  the 
one  hand,  and  to  Centrocellnhsiun  on  the  other.  In  order  that 
the  endemic  conditions  of  the  diflferent  groups  may  be  as  fully 
demonstrated  as  our  space  will  permit,  I  will  shortly  review  the 
genus  FasciculojyhyUum,  and  see  whether  the  differentiated 
structure  warrants  us  in  regarding  those  species  in  which  the 
central  area  is  more  or  less  fasciculate  being  grouped  as  a  distinct 
genus. 

Genus  Fasciculophyllum.    (Thomson.)    Gen.  nov. 

Generic  Characttrs, — Corallum  simple,  small,  cono-cylindrical, 
and  curved.  The  epitheca  is  variable  in  stoutness,  and  there  are 
longitudinal  lines,  encircling  stria*,  and  annulations  of  growth. 
Tlie  calice  is  of  variable  depth.  Tlie  septa  are  of  two  orders.  The 
primary  extend  inwards  from  the  wall  for  a  portion  of  their  length, 
they  then  coalesce  and  form  fasciculate  groups,  and  usually  the 
central  septum  of  each  fascicle  extends  inwards  to  the  centre. 
They  then  unite  with  the  elongated  septum  of  the  neighbouring 
fascicles  and  foim  a  more  or  less  reticulate  structure  in  the  centre 
of  the  corallum.  The  secondary  septa  are  in  some  forms  minute, 
while  in  others  they  extend  inwards  for  a  considerable  distance, 
and  each  become  united  to  the  primary  septa.  The  primary  septa 
are  lamellar,  and  there  arc  interlamellar  plates  (*' trabeculse 
There  is  a  fossula  of  variable  dimensions. 

Although  differing  very  conspicuously  in  the  structural  details 
from  the  genus  Densyphyllum  (Dyb.),  this  genus  is  very  closely 
allied  to  them,  as  a  comparison  of  the  figures  in  the  accompanying 
plates  will  show,  but  is  sufliciently  distinguished  by  the  fasciculate 
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characters  referred  to.  Its  relation  to  the  genus  Centrocellulosum 
is  indicated  by  the  presence  of  (in  some  of  the  species)  indistinct 
cellular  tissue  in  the  centre  of  the  corallum.  In  Densyphyllum 
the  septa  converge  into  the  centre  of  the  calicular  cavity  in  typical 
forms.  In  Densyp.  minutum,  however,  a  few  of  the  septa  are  united 
into  fascicles  in  the  centre  on  one  side,  while  on  the  other  they 
more  or  less  extend  into  the  centre.  The  genus  is,  therefore,  dis- 
tinguished by  the  fasciculate  arrangement  of  the  septa  in  typical 
forms,  and  its  varieties  present  characters  which  give  abundant 
evidence  of  modifications  of  a  very  marked  character,  vaiied  in  the 
passage  forms,  and  these  variations  diverge  in  both  directions; 
and  I  conceive  that  such  modifications  were  induced  by  external 
causes,  producing  a  more  or  less  puckered  or  segmented  arrange- 
ment in  the  base  of  the  pyloric  cavity  of  the  polyp,  and  from  the 
mobility  and  plasticity  of  the  physiological  details  of  the  tissues 
in  the  animals,  and  the  innate  tendency  to  variation,  and  the  fact 
that  such  modifications  can  be  traced  by  microscopic  gradations  as 
merging  and  uniting  structural  details,  which  accumulate  and 
concentrate  into  generic  distinction. 


Fasciculophyllum  Dyhoicski.    (Thomson.)    Sp.  no  v. 
Plate  VI.,  Figs.  23  and  23a. 

Specific  Characters, — Corallum  simple,  small,  cono-cylindrical, 
and  curved.  The  epitheca  is  stout,  and  marked  with  minute 
longitudinal  ridges,  delicate  encircling  striie,  and  shallow  annula- 
tions  of  growth.  The  calice  is  deep.  The  septa  are  of  two  orders. 
In  a  corallum  four  lines  in  diameter  there  are  twenty-two  primary, 
which  alternate  with  an  equal  number  of  secondary  septa,  and 
each  is  united  by  interseptal  dissepiments,  which  are  few  in 
number  and  rectangular.  The  primary  septa  are  lamellar,  and 
there  are  interlamellar  plates  ("trabecules").  A  fossula  is  present, 
and  extends  inwards  from  the  wall  on  the  ventral  side  of  the 
coi-allum  for  a  third  of  the  total  diameter  of  the  corallum. 

Height  of  corallum,  1  inch ;  diameter  of  section,  4  lines. 

Forjnaiion, — Lower  carbonifei-ous. 

Locality, — Found  at  Charleston,  Fifeshire,  where  it  is  abundant. 
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Fnscirulophyllnm.    Sp.  (1) 

Plate  X.,  Figs.  10,  10a,  11,  and  lU. 

This  species  differs  fix>m  the  preceding  by  the  possession  of  an 
obovate  cell  in  the  centre  of  the  corallum,  and  the  inner  end  of  the 
fascicles  do  not  extend  so  far  inwards ;  and  the  central  septum 
extends  inwards,  and  is  united  to  the  central  cell,  the  fasciculate 
arrangement  of  the  septa  being  more  fully  pronounced. 

Fascicnlophyllum.    Sp.  (?) 
Plate  VI.,  Fig.  27. 

This  species  differs  from  all  the  preceding.  The  fasciculate 
arrangement  of  the  septa  are  not  so  pronounced,  and  may  be  re- 
gained as  an  intermediate  variety,  and  to  be  more  or  less  related 
to  the  genus  Denayjyhyllum  by  the  extension  of  a  portion  of  the 
septa  inwards  to  the  centre  of  the  corallum. 

Formation. — Lower  carboniferous. 

Locality, — Found  at  Rough  wood,  Beith,  Ayrshire. 

Fa^cicuhphyllum  magnificum,  (Thomson.) 
Plate  IV.,  Fig.  10. 

Specific  Characters. — Corallum  large  and  simple.  The  septa  are 
of  two  orders.  The  primary  extend  inwards  to  near  the  central 
area ;  they  then  coalesce,  and  curve  laterally,  and  are  united  by 
the  prolongation  of  a  septum  from  each  fascicle  into  a  series  of 
fasciculated  groups  at  each  extremity  of  the  elongated  central  area, 
and  a  medium  septum  extends  inwards  and  is  united  to  the  lateral 
margin  of  the  central  area  on  each  side.  The  secondary  septa 
extend  inwards  from  the  theca,  and  become  united  with  the 
primary  septa.  These  septa  are  lamellar,  and  there  are  inter- 
lamellar  plates  ("  trabeculse  ").  The  central  area  is  occupied  by 
three  lamellae,  which  extend  along  the  long  axis  of  the  central  area, 
and  are  united  to  the  fasciculate  groups  at  each  end  of  the  long 
axis  of  the  central  area.  The  septa  extend  outwards  through  the 
thin  epitheca,  and  costa  are  present.  The  fossula  is  problemati- 
cal at  the  bipartite  arrangement  of  the  fasciculate  septa.  There 


Mb.  Thomson  on  Corals  of  Carboniferom  System  of  Scotland,  451 

is  an  open  interseptal  space  on  each  side  of  the  corallum,  which 
seems  to  indicate  that  structure.  If  I  am  correct,  then  there  is  a 
fossula  on  either  side,  and  both  extend  inwards  to  the  outer 
margin  of  the  central  area.  There  are  seventy  primary  septa,  and 
these  alternate  with  an  equal  number  of  secondary  septa,  the 
extension  of  the  latter  inwards  being  extremely  variable. 

Formation. — Lower  carboniferous. 

Locality, — Found  at  Nettlehirst,  Beith,  Ayrshire. 

Regarding  the  external  aspect  of  this  unique  species,  I  can 
offer  no  description,  as  I  have  only  a  small  portion  of  the 
corallum.  The  fasciculate  arrangement  of  the  septa,  which  coin- 
cides with  the  structural  details  of  the  preceding,  permits  of  no 
doubt  of  its  classiHcatory  position.  The  structural  details  of  the 
central  area  differ  so  much  from  the  preceding  that  I  regarded  it 
as  the  type  of  another  group,  which  I  have  not  yet  got  engraved  : 
by-and-by  I  hope  to  overtake  that  group.  In  these,  however,  the 
septa  are  always  simple,  and  extend  uninterruptedly  inwards  to 
the  margin  of  the  central  area.  In  the  central  area,  however,  there 
are  in  some  forms  two,  in  othei*s  three  lamella?,  extending  across  the 
long  axis  of  the  central  area,  and  in  that  respect  may  be  more  or  less 
related,  but  are  broadly  separated  by  the  possession  of  the  fasciculate 
arrangement  of  the  septa.  In  the  remarkable  arrangement  of  the 
central  area,  however,  there  is  indicated  a  relationship  which  may 
be  yet  more  closely  united ;  and  I  believe  that  other  intermediate 
species  will  be  discovered,  the  relationships  of  which  will  merge 
into  and  correlate  these  divergent  groups.  I  am  indebted  for  the 
portion  of  this  corallum  that  I  possess  to  Mr.  Robert  Dunlop,  to 
whom  I  offer  my  cordial  thanks. 

Upon  the  whole,  the  genus  FasciculojiIiyUum^  as  illustrated  by 
the  species  found  in  Scotland,  may  be  recognized  as  distinct  in 
themselves,  by  the  fasciculate  arrangement  of  the  septa ;  and  while 
the  type  forms  leave  no  doubt  regaiding  the  classificatory  value, 
yet  in  the  series  there  are  divergent  characters  clearly  indicated. 
In  Plate  VI.,  Fig.  27,  a  portion  of  the  septa  converge  inwards  to 
the  centre  on  one  side  of  the  corallum,  and  on  the  other  the 
fasciculate  arrangement  of  the  septa  is  apparent,  and  thus  unites 
the  latter  to  the  genus  DensyphyUum  (Dyb.);  and  in  Fascic, 
DyhowsH,  Plate  VI.,  Fig.  23,  and  also  in  Plate  X.,  Figs.  10  and 
1 1,  by  the  possession  of  a  central  and  more  or  less  spheroidal  cell — 
thus  indicating  transitional  structural  details  which  clearly  point 
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to  a  near  relationship  to  the  genus  Cmtrocelhdomm;  and  by  the 
fasciculate  arrangement  of  the  septal  system  the  genus  is  related 
to  the  genus  HeterophyUuni.  Indeed,  the  series  may  be  regarded 
as  merging  and  uniting  the  latter,  from  which  it  is  separated 
by  the  totally  different  aspect  of  the  corallum.  In  the  latter 
the  corallites  are  tall  cylindrical,  and  there  are  costal  ridges  and 
secondary  septa  in  one  of  the  species  only ;  while  in  the  former, 
the  secondary  septa  are  more  or  less  developed  in  all  the  corallites, 
and  the  coi'allum  is  usually  cono-cylindrical  and  small.  I  might 
have  given  numerous  illustrations  of  forms  in  which  their  diver- 
gent characters  may  be  seen  united  by  structural  details  of 
minute  proportions.  We  have  thus  clearly  indicated  in  every 
stage  of  our  inquiry  a  constant  and  persistent  tendency  to  varia- 
tion, which,  when  we  are  in  possession  of  a  more  exhaustive 
accumulation  of  structural  details,  I  ventiu^e  to  say  that,  in  the 
coralline  remains  of  the  carboniferous  system,  we  shall  have  a 
remarkable  demonstration  of  modifications  of  a  very  varied  nature^ 
brought  about  by  differentiated  structural  details  of  the  most 
minute  character.  The  central  type  of  the  genus  clearly  separate 
the  group  from  allied  genera ;  yet  we  have  seen  that  there  are 
passage  forms  which  merge  in  diverse  directions,  and  that  by  the 
possession  of  a  central  cell  in  some  of  the  species  there  is  indicated 
a  mergence  from  FasciculophyUum  into  the  genus  Centrocellulosuin 
— a  relationship  which  it  is  now  my  province  to  trace. 


Genus  Centrocellulosum.  (Thomson.) 

Gemric  Characters. — Corallum  simple,  smaU,  cono-cylindrical, 
and  curved.  The  epitheca  is  of  variable  stoutness.  The  calice  is 
deep  and  thin  around  its  margin.  The  septa  converge  inwards  to 
near  the  centre,  and  in  a  transverse  section  the  centre  of  the 
coi'allum  is  more  or  less  occupied  by  a  system  of  minute  spheroidal 
cells,  and  the  inner  ends  of  the  septa  ai'e  united  to  the  cellular 
tissue  in  the  central  area.  The  septa  are  of  two  orders.  The 
primary  extend  inwards  to  near  the  centre,  and  these  alternate 
with  the  secondary  septa,  which  are  minute  and  hardly  recog- 
nizable, and  each  is  united  by  remote  and  sparse  interseptal  dis- 
sepiments.   A  septal  fossula  is  indicated. 

The  cellular  tissue  in  the  centre  of  the  corallum  gives  con- 
siderable importance  to  this  interesting  group  in  thus  indicating  a 
further  and  persistent  transitional  tendency,  and,  while  its  re- 
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lationships  have  been  referred  to  as  being  connected  by  the  most 
minute  transient  structural  details,  it  is  seen  that,  if  examined  by 
themselves,  many  of  the  species  might  and  would  be  elevated  to 
separate  and  distinct  genera.  When,  however,  a  large  series  is 
examined,  their  modified  structural  details  are  seen  to  be  of  great 
importance  in  diagnosing  and  gi'ouping  them  with  generic  central 
types,  which  diverge  in  varied  directions;  and  the  irregularly-tlis- 
posed  cellular  tissue  in  the  centre  of  the  corallum  indicates  a 
further  transition,  and  proves  that  further  research  will  demonstrate 
that  the  transitional  tendency  as  exemplified  in  the  structural 
details  will  merge  and  imite  the  genus  Centrocellulosumy  by 
relations  of  an  intimate  nature  to  the  genus  Carcinophyllunu 


Centrocellidosum  densotheciun.    (Thomsoa)    Sp.  nov. 
Plate  X.,  Figs.  7  and  7a,  and  Fig.  9.] 

Specific  Cliaracters. — Corallum  simple,  small,  and  cono- cylindrical. 
The  epitheca  is  dense  and  thick,  and  there  are  encircling  striue  and 
irregular  annulations  of  growth.  The  calice  is  circular  and  deep. 
There  are  twenty-six  septa  which  converge  inwards  to  the  centre. 
A  portion  of  them  are  intercepted  by  spherical  cells,  and  each  is 
imited  by  sparse  rectangular  interseptal  dissepiments.  The  septa 
in  this  species  indicates  a  fasciculate  tendency.  The  secondary 
septa,  if  present,  are  indistinct — they  may  be  aborted  by  fos- 
silization.    The  fossula  is  small  and  indistinct. 

Height  of  corallum,  1  inch;  diameter  of  section,  5  lines. 

Farniation, — Lower  carboniferous. 

Locality, — Found  at  Charleston,  Fifeshire. 


Centrocellulosum  intermedium.    (Thomson.)    Sp.  nov. 
Plate  X.,  Figs.  6  and  6a,  and  Plate  VI.,  Fig.  24. 

This  species  differs  from  the  preceding  by  the  presence  of  a 
denser  system  of  septa,  and  the  cellular  tissue  is  more  minute. 
In  a  corallum  4|  lines  in  diameter  there  are  twenty-six  primary 
septa,  which  alternate  with  an  equal  number  of  secondary  septa. 
The  latter  are  represented  by  minute  pointed  granules,  and  each 
are  united  by  sparse  interseptal  dissepiments.   The  fossula  is  small. 

Formation, — Lower  carboniferous. 

Locality,  — Found  at  Charleston,  Fifeshire. 
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Centrocellulosicm  cylindrocum,    (Thomson.)    Sp.  no  v. 
Plate  VI.,  Figs.  26  and  26a. 

This  species  is  distinguished  by  its  slender  cylindrical  form,  and 
the  theca  being  more  delicate.  The  diameter  of  the  corallum  is  3i 
lines  in  the  long  axis,  and  under  three  lines  in  the  narrow  axis, 
and  there  are  twenty-eight  septa.  The  septal  fossula  is  small,  and 
the  central  cellular  tissue  is  irregular  in  their  arrangement,  and 
indicates  variation,  and  may  be  regarded  as  foreshadowing  the 
sinuous,  irregular  structure  that  is  exhibited  in  the  centre  of  the 
corallum  in  the  genus  Carcinophyllxim. 

Forniatioyi. — Lower  carboniferous. 

Locality. — Found  at  Charleston,  Fifeshire. 

As  regards  the  relationships  of  the  genus,  it  will  be  ap2)arent 
that  the  genus  Centrocellidosum  possesses  characters  which  point 
to  a  group  that  occupy  a  central  position,  and  while  the  typical 
species  are  distinguished  by  the  cellular  tissue  in  the  centre  of  the 
corallum,  there  are  structural  details  which  clearly  indicate  its 
divergent  character,  and  while  it  is  closely  related  to  the  genus 
Fascicvlophyllitm^  as  indicated  in  some  of  the  species  by  the  fact  that 
the  septal  system  approximates  to  the  fasciculate  an-angement  of  the 
septa  of  that  genus,  it  is  separated  from  the  latter  by  the  posses- 
sion of  the  cellular  tissue  in  the  centre  of  the  calicular  cavity,  and 
Centro,  intennedium  has  a  close  relation  to  the  genus  Densy- 
phylliun  by  the  fact  that  the  septa  converge  too  near  the  centre. 
It,  however,  diflfera  from  that  genus  in  the  possession  of  the  more  or 
less  cellular  tissue  in  the  centre  of  the  corallum,  while  in  the  typical 
forms  of  the  former  the  septa  are  always  united  at  their  inner 
ends,  and  pi'esent  a  stellate  aspect ;  and  Centro,  cylindrocum^  by 
the  reticulate  cellular  tissue  in  the  centre,  foreshadows  a  transi- 
tional tendency  to  merge  into  the  genus  Cay'cinophyllum.  It  will 
thus  be  evident  that  its  polymorphic  characters  point  to  a  relation- 
ship with  genera  whose  structural  details  are  very  dissimilar  from 
the  type  species  of  the  genus,  and  this  abundantly  shows  that  there 
is  no  hard  and  fast  line  of  demarcation  even  amongst  genera,  and 
that  species  arc  but  modified  varieties,  which,  with  further  develop- 
ment, would  not  only  loose  the  specific  distinction,  but  would 
merge  into  generic  centres,  and  clearly  demonstrates  that  genera 
and  species  are  simply  conventional  terms,  and  can  only  be  used 
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for  convenience  and  aids  to  the  palaeontologist  for  diagnostic 
purposes. 

As  noticed  in  the  preceding  context,  one  of  the  species  of  the 
preceding  genus — i.e.,  Cent  cylindrocum — indicates,  by  the  pre- 
sence of  the  reticulate  cellular  tissue  in  the  centre  of  the  corallum, 
a  transitional  tendency  to  merge  into  the  genus  Carcinophylhim 
(Thomson). 

Genus  Carcinophyllum.  (Thomson.) 

Generic  Cluiractei's. — Corallum  simple,  cylindro-conical,  and 
cornute.  The  calice  is  variable  in  depth,  and  in  some  forms  are 
averted,  and  exhibiting  in  the  centre  of  the  floor  an  elongated 
boss,  which  is  slightly  raised  above  the  inner  margin  of  the 
primary  septa,  which,  in  a  transverse  section,  is  seen  to  be  com- 
posed of  irregular  i-eticulate  cellular  tissue.  The  septa  are  well 
developed  and  of  two  orders,  and  never  reach  the  centre  of  the 
visceral  cavity,  and  each  is  united  by  more  or  less  numerous  inter- 
septal  dissepiments. 

The  internal  structure  is  triareal.  The  central  area  is  occupied 
by  irregular  anastomosing  vesicular  tissue,  which  surrounds  a 
central  irregularly-foimed  median  plate.  The  intermediate 
("  interlocular")  area  is  composed  of  the  inner  margins  of  the 
primary  septa,  and  united  by  more  or  less  angular  dissepiments. 
Tlie  outer  ("interseptal")  area  is  occupied  by  the  interseptal 
dissepiments.  The  secondary  septa  extend  inwards  for  a  third  of 
the  length  of  the  primaiy,  and  near  the  periphery  they  are  united 
by  acutely-angular  and  more  or  less  sparsely-developed  interseptal 
dissepiments.  There  is  a  septal  fossula.  The  longitudinal  section 
exhibits  a  series  of  sparse  and  irregular  vertical  plates  in  the 
central  area.  The  intermediate  ("  interlocular")  area  is  occupied 
by  large  concave  plates.  The  outer  ("  interseptal")  area  exhibits 
large  sparse  convex  interseptal  dissepiments,  convexity  inwards. 

As  regards  the  genus  Cardnophylkun^  the  reticulate  cellulai* 
tissue  in  the  central  area  may  be  regarded  as  a  more  highly  deve- 
loped form  of  the  reticulate  cellular  tissue  which  characterizes  one 
of  the  species  of  Centrocelluiosum — i.e.,  Centro.  cylindricum.  It, 
however,  differs  from  the  latter  genus  by  the  fact  that  the  septa 
never  extend  inwards  to  the  centre  of  the  corallum,  and,  although 
the  reticulate  cellular  tissue  is  foreshadowed  in  the  latter  yer  there 
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are  numerous  intermediate  forms  wanting,  which  I  have  no  doabt 
will  yet  bo  discovered,  in  which  case  the  relationship  will  be  more 
closely  united.  In  one  respect  it  resembles  several  of  the  transition- 
ary  forms  of  the  genus  Cyclophyllum  (Plate  XIV.,  Fig.  4),  in 
which  the  structure  in  the  central  area  is  reticulate,  but  it  is 
separated  from  that  genus  in  not  possessing  an  inner  wall  around 
the  columellarian  area,  and  the  floor  of  the  calice  never  presents 
the  form  of  a  small  or  inner  cup.  In  the  longitudinal  section  of 
Carcinophyllum  the  lamellar  plates  are  sparse,  and  the  tabulae 
are  remote  and  hardly  recognizable,  while  in  the  former  the  struc- 
tural characters  are  dense.  The  type  species  of  the  genus  resembles 
the  genus  Lorisdaleia  (M*Coy,  Plate  X.,  Fig.  2),  by  the  fact  that 
the  septa  do  not  reach  the  periphery,  but  are  intercepted  by  a 
system  of  concave  cells  in  the  outer  zone.  It  is,  however,  separated 
from  that  genus  by  the  presence  of  a  much  more  highly-developed 
septal  system  and  the  reticulate  structure  in  the  central  area.  In 
the  longitudinal  section  of  Lonsdaleia  there  is  a  median  plate  in  the 
centre  of  the  columellarian  area,  which  extends  from  the  superior 
to  the  inferior  portion  of  the  corallum.  In  the  genus  under  con- 
sideration the  central  area  is  composed  of  irregular,  sparse,  and 
discontinuous  vertical  lamellar  plates,  and  the  endothecal  dissepi- 
ments are  hardly  recognizable.  It  will  thus  be  obvious  that  the 
structural  details  of  Carcinophylhnn  are  quite  distinct  from  those 
of  Lonsdaleia^  the  latter  having  a  conical  boss  and  a  columellarian 
line  in  the  central  area,  while  in  the  former  the  central  area  is 
formed  by  loose  anastomosing  cellular  tissue. 

Carcinophyllum  Kirsopi.    (Thomson. ) 

Plate  XII.,  Figs.  9  and  9a. 

Specific  Characters, — Corallum  simple  and  cylindro-conical.  The 
epitheca  is  thin  and  mammillated  internally.  The  mammillations 
are  granular,  and  connected  to  a  system  of  elongated  curved  plates 
by  delicate  dissepiments.  Externally  there  are  longitudinal  striie, 
and  there  are  slight  annulations  of  growth.  The  calice  is  sub- 
circular,  everted,  and  moderately  deep.  The  septa  are  well 
develoiDcd  and  stout.  There  are  forty-four  primary,  alternating 
with  an  equal  number  of  secondary  septa,  which  extend  inwards 
for  a  third  of  the  length  of  the  primary  septa,  and  each  is  united 
by  s^mrse  and  angular  interseptal  dissepiments.     The  septa  are 
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surrounded  by  a  system  of  elongated  curved  cellular  tissue,  which 
is  connected  to  the  epitheca  by  sparse  and  delicate  dissepiments, 
which  present  around  the  inner  margin  of  the  everted  periphery 
a  series  of  elongated  cells,  and  are  divided  by  sparse  and  delicate 
vertical  plates  attached  to  the  mammillations  in  the  interior  of  the 
epitheca.  The  fossula  is  small,  and  one  of  the  primary  septa,  of 
shorter  length  than  the  others,  extends  into  it.  The  longitudinal 
section  is  triareal,  and  the  vertical  lamellae  of  the  central  area  are 
discontinuous  and  curved,  and  are  attached  to  the  inferior  lamellae. 
In  the  intermediate  ("interlocular")  area  there  are  large  concave 
tabulfe.  The  outer  ("interseptal")  area  is  occupied  by  sparse 
lenticular  convex  cells,  convexity  pointing  upwards  and  inwards. 

Height  of  corallum,  1 3  lines ;  diameter,  1 1  lines. 

Formation. — Lower  carboniferous. 

Localitrj. — Found  at  Arbigland,  Kirkcudbrightshire. 

Upon  the  whole,  it  will  be  obvious  that  the  genus  Carcinophylhim 
is  clearly  separated  from  its  nearest  allies  by  structural  details  of 
a  pronounced  nature,  and  further  illustrates  that,  while  the 
relationships  are  more  or  less  remote,  yet  in  each  group  there  are 
central  generic  types  surrounded  by  varieties  whose  diverging 
tendencies  lead  into  other  and  more  modified  varieties.  Although 
there  are  extremely  slight  modifications  in  the  structural  details 
of  many,  yet  we  must  not  forget  that  further  modifications  of  the 
same  kind  would  and  have  increased  the  structural  differences  in 
many  of  these  groups  to  a  large  degree,  and  that  such  differences 
blend  into  each  other  by  an  insensible  series  of  gradations. 

At  page  125  I  pointed  out  that  the  genus  Koninckophylhun  could 
be  traced  through  the  differentiated  species  of  that  genus  as  merg- 
ing into  Histiophyllum  microphylhcm  (Thomson).  The  relation- 
ships of  that  genus  I  shall  now  briefly  refer  to,  and  hope  to  be 
able  to  show  by  the  structural  details  of  that  genus  that  modifica- 
tion is  universally  exemplified  throughout  the  entire  series  of 
these  organic  remains. 

Genus  Histiophyllum.  (Thomson.) 

Generic  Characters. — Corallum  simple,  cylindro-conical,  moder- 
ately tall,  and  slightly  curved.  The  epitheca  is  usually  thin; 
there  are  annulations,  and,  in  some  forms,  delicate  encircling 
lines  of  growth.  The  calice  is  usually  shallow,  and  is  more  or 
less  everted,  and  the  centre  of  its  floor  is  occupied  by  a  boss,  which 
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is  slightly  raised  above  the  inner  margin  of  the  primary  septa  on 
the  dorsal  or  convex  side,  and  more  or  less  depi'essed  or  concave 
on  the  ventral  side.  The  lamellae  pass  from  the  innei*  margin  of 
the  pnmary  septa  inwards.  Those  of  the  convex  side  extend  for 
two-thirds  of  the  width  of  the  columellarian  area,  where  they 
coalesce  and  form  a  more  or  less  irregular  rod,  which,  in  some 
forms,  stop  short  of  the  septal  fossula  (Plate  XII.,  Fig.  4),  whilst  in 
others  the  lamellae  converge  inwards  and  downwards  into  the 
depression  on  the  ventral  side,  and  are  attached  to  a  latro-median 
plate,  which  moi^  or  less  extends  into  the  fossula  on  the  ventral 
or  concave  side  of  the  corallum,  which  in  outline  resembles  a  web 
(Plate  XII.,  Fig.  6).  In  a  corallum  of  an  inch  and  a-half  in 
diameter  the  columellarian  area  is  about  five  lines  broad. 

The  septa  are  well  developed,  and  of  two  orders.  The  primary 
never  extend  further  inwards  than  the  outer  margin  of  the  central 
area,  exhibiting  laminje  for  half  their  length  from  their  inner 
ends,  while  towards  the  periphery  they  are  thin,  and  more  or 
less  flexuous,  and  the  secondary  septa  are  considerably  shorter, 
and  sometimes  hardly  recognizable.  They  are  united  by  inter- 
septal  dissepiments,  which  are  sparse  and  more  or  less  rectangular 
near  their  inner  ends,  but  usually  abundant  and  angular  towards 
the  periphery.    There  is  a  well  marked  fossula. 

The  longitudinal  section  exhibits  the  triareal  arrangement  of 
the  internal  structura  The  central  area  is  composed  of  thin  dis- 
continuous lamellar  plates,  which  are  united  by  more  or  less 
remote  tabulae,  which  are  usually  slightly  convex  on  the  dorsal  and 
concave  on  the  ventral  side  of  the  corallum.  The  intermediate 
("  interlocular ")  area  is  occupied  by  convex  tabulae — convexity 
upwards  and  inwards — which  unite  the  inner  ends  of  the  primary 
septa  The  outer  ("  interseptal ")  area  is  occupied  by  a  zone  of 
irregular  lenticular  convex  cells,  convexity  upwards  and  inwards, 
and  arranged  in  oblique  rows. 

As  regards  the  generic  relations  of  HistiophyUtim,  the  genus 
forms  a  natural  and  intermediate  group  between  the  genus  Kon- 
inckophyllum  and  the  genus  RhodophyUiuHy  and  some  of  the  species 
present  charactera  in  some  respects  that  belong  to  the  genus  Aspi- 
dophyllum.  Indeed,  in  some  of  the  forms  there  appears  to  be  so 
natural  and  intimate  a  relation  to  either  of  those  genera  that  I 
long  hesitated  to  create  for  their  reception  a  distinct  and  separate 
genus ;  but,  after  carefully  comparing  them  with  hundreds  of  other 
sectioned  specimens,  and  more  especially  those  of  its  nearest  allies. 


Mr.  Thomson  on  Corah  of  Carboni/eroits  System  of  Scotland,  459 

I  felt  satisfied  that  the  series  formed  a  distinct  and  easily  separable 
group  from  all  existing  genera.  As  has  been  formerly  stated*,  it  is 
difficult  to  define  the  boundary  line  between  each  genus  and  its 
nearest  allies,  and  in  none  more  than  in  the  present  group ;  yet, 
after  careful  observation,  I  believe  that  the  intermediate  forms  can 
only  be  classed  into  a  natural  and  distinct  genus. 

The  genus  Histiophyllum  agrees  with  Koninckophylhim  in  the 
possession  of  a  central  rod  in  some  forms,  and  with  Rhodophyllum 
by  the  fact  that  the  lamella  is  more  or  less  sub-convolute,  and  folds 
round  and  clasps  an  imaginary  axis  on  one  side  of  the  corallum, 
and  with  Aspidophyllum  in  the  possession  of  a  large  central  area, 
the  superior  extremity  of  which  projects  more  or  less  above  the 
inner  ends  of  the  primary  septa  on  the  one  side,  and  is  usually 
depressed  on  the  ventral  or  concave  side  of  the  corallum. 

In  all  cases  the  structural  details,  as  exhibited  in  the  central 
area  of  the  corallum,  I  believe  are  sufficient  to  warrant  us  in  not 
only  separating  Bistiophyllitm  from  either  of  the  above  genera, 
but  I  am  satisfied  that  it  is  in  the  structural  details  of  the  central 
area  alone  that  either  generic  or  specific  distinction  can  be  estab- 
lished, and  I  shall  now  point  out  wherein  they  differ  from  each  other. 

(1)  The  genus  Kdninckophyllum  is  distinguished  by  the  posses- 
sion of  a  compact  and  laterally-compressed  styliform  columella  in 
the  centre  of  its  floor,  which  in  longitudinal  sections  forms  a  thin 
median  line,  which  is  usually  continuous  from  the  superior  to  the 
inferior  exti-emity  of  the  coi-allum,  and  the  space  between  the 
columella  and  the  inner  ends  of  the  primary  septa  is  occupied  by 
rectangular  tabulse,  which  are  flat  in  some  forms,  whilst  in  others 
the  tabulae  are  slightly  raised  near  the  columella  in  the  central 
area  (see  Plate  XI.,  Figs.  1a  and  2a),  which,  as  seen  in  a  trans- 
verse section,  forms  a  compact  median  rod,  and  is  often  suiTounded 
by  a  few  sub-convolute  lines.  The  latter  represent  the  cut  edges 
of  the  successive  tabulae  as  they  become  elevated  in  the  vicinity  of 
the  columella,  and  in  some  of  the  varieties  the  tabuljB  are  more 
elevated  on  the  dorsal  side  of  the  corallum  than  is  found  on  the 
ventral  side.  In  these  forms  there  is  usually  a  series  of  semi- 
convergent  plates.  Such  forms  may  be  regarded  as  indicating 
the  transitionary  tendency  of  the  group,  thus  foreshadowing  the 
lamellar  arrangement  of  the  centi-al  area,  which  merge  and  unite 
the  latter  to  the  former  genus,  as  indicated  in  Hist,  approxiniatum 


*  British  AesocicUion  TransadionSy  1872,  p.  241. 
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(Plate  XI.,  Fig.  9)  and  Hist,  microphyllum  (Plate  XII.,  Figs.  7 
and  8). 

(2)  In  the  genus  Rhodophyllum  the  central  area  is  formed  of 
vertical  lamellae,  which  are  sub-convolute,  fold  round  an  imaginarj 
axis  (Plate  XIV.,  and  Fig.  12),  and  present  a  round  boss  in 
the  centre  of  the  calice,  which,  in  a  transverse  section,  is  seen  to 
be  united  by  tabulse  more  or  less  remote.  In  a  longitudinal 
section  the  lamellco  are  discontinuous,  and  directed  outwards  and 
upwards,  and  united  by  concave  tabulae. 

(3)  In  the  genus  Aspidophylluvi  the  boss  in  the  centre  of  the 
floor  of  the  calice  is  helmet-shaped,  which  is  round  on  the  superior 
extremity  on  the  concave  side,  and  tapering  down  to  the  fossula, 
which  is  usually  situated  on  the  convex  or  dorsal  side  of  the  coral- 
lum,  and  there  is  a  median  lamella,  which  passes  for  two- thirds  of 
the  total  diameter  of  the  crown  of  the  helmet-shaped  boss,  and 
downwards  into  the  fossula,  as  a  prominent  ridge. 

With  these  points  of  resemblance,  there  are  the  following 
difterences  to  be  noted  in.  the  forms  respectively  inferable  as  allied 
to  the  genus  Uistiophyllum : — 

(1)  In  Koninckophyllum  there  is  a  compressed  median  rod,  and 
the  space  or  central  floor  of  the  calice  is  occupied  by  tabulae,  which 
in  some  forms  are  flat,  whilst  in  others  the  tabulae  are  more  or  less 
raised  towards  the  columellaiuan  rod;  while  in  those  forms  of 
Hiatiophyllufn  that  are  allied,  the  columellarian  rod  extends  to 
the  fossula  on  the  ventral  side  of  the  comllum  (Plate  Xlf.,  Fig.  8) 
and  the  tabulae  are  intersected  by  lamellae  which  converge  and 
coalesce  with  the  latro-median  plate  on  the  ventral  side  of  the 
corallum,  and  present  in  the  floor  of  the  calice  a  more  or  less 
dome-shaped  aspect  on  the  dorsal,  and  on  the  ventral  side  of  the 
corallum.  It  is  noteworthy  that  in  all  the  forms  I  have  examined 
the  development  of  the  lamellae  begins  on  the  concave  or  ventral 
side  of  the  corallum,  and  when  the  columellarian  rod  extends  to 
near  the  fossula  we  frequently  have  the  lamellae  in  the  first  stage 
of  development  on  the  dorsal  side  of  the  columellarian  rod — a 
characteristic  which  is  always  present  in  the  passage  forms  in 
which  the  Koninckophyllum  type  predominates.  (See  Plate  III., 
Fig.  4,  in  the  Proceedings  of  the  Society,  1879). 

(2)  In  Rhodophyllum  the  boss  in  the  centre  of  the  floor  of  the 
calice  is  round  in  outline  and  formed  by  sub-convolute  lamellte 
(Plate  XIV.,  Fig.  12);  whilst  in  the  allied  forms  of  Hiatio- 
phyUxtm  the  lamellae  are  more  or  less  sub-convolute  in  the  dorsal, 
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and  converge  to  the  ventral  side  of  the  central  area,  where  they 
descend  and  pass  down  into  the  fossula  on  the  convex  side  of  the 
corallum  (Plate  XII.,  Figs.  5  and  6). 

(3)  In  Aspidophylluvi  the  calicinal  boss  is  prominent  and  hel- 
met-shaped in  outline  (see  Plate  III.,  Fig.  2,  in  the  Proceedhigs 
of  the  Society,  1879)  and  the  median  lamella  passes  over  the  boss 
for  two-thirds  of  its  width,  and  descends  into  the  fossula  in  the 
dorsal  side  of  the  corallum,  and  in  a  longitudinal  section  the  central 
lamella  is  single  and  continuous  from  the  superior  to  the  inferior 
extremity  of  the  corallum,  and  the  lamellae  converge  towards  the 
centre  of  the  flooi*  of  the  calice ;  while,  on  the  other  hand,  in  the 
allied  forms  of  Ilistiophyllum  the  median  lamella  extends  slightly 
beyond  the  centre  of  the  central  area,  the  lamellae  are  more  or  less 
sub-convolute,  and  converge  to  and  coalesce  with  the  latro-median 
plate,  and  the  boss  in  the  centre  of  the  calicular  cavity  is  scarcely 
raised  in  some  forms,  and  in  othera  slightly  raised  above  the  inner 
ends  of  the  primary  septa  on  the  dorsal,  and  depressed  on  the 
ventral  side  of  the  corallum,  and  the  pseudo-columellarian  rod  is 
more  or  less  double — a  result  produced  by  the  sub-convolute  lamella 
converging  and  coalescing  with  the  latro-mesil  plate  that  descends 
into  the  depression  on  the  ventral  side  of  the  central  area,  where 
it  passes  more  or  less  into  the  fossula  on  the  convex  side  of  flie 
corallum. 

It  will  thus  be  evident  that  the  genus  Histiophyllum  is 
distinguished  by  the  possession  of  distinct  structural  characters 
by  which  it  can  at  all  times  be  readily  separated  from  its  nearest 
allies,  and  that  the  specific  relations  are  based  upon  and  separable 
in  the  number  and  disposition  of  the  stinictural  details  in  the 
centre  of  the  corallum.  To  some  of  these  I  will  shortly  refer  in 
order  to  further  correlate  and  elucidate  its  generic  relationships. 

Ilistiophyllum  Dicki.  (Thomson.) 

Plate  Xn.,  Fig.  6. 

Specific  Characters. — Corallum  simple,  cylindrical  and  conical 
near  the  base,  tall  and  slightly  curved.  The  epitheca  is  thin,  and 
there  are  irregular  encircling  lines  and  broad  shallow  annulations 
of  growth.  The  piimary  septa  are  lamellar  for  fully  half  their 
length  from  the  inner  margins,  and  towards  the  periphery  they 
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are  thin  and  slightly  flexuous.  There  arc  sixty  primary,  alter- 
nating with  an  equal  number  of  secondary  septa ;  the  latter  pass 
inwards  from  the  periphery  for  two  lines,  and  are  attached  to  the 
primary  septa  at  their  inner  ends.  In  the  outer  zone  the  inter- 
septal  spaces  are  occupied  by  more  or  less  rectangular  interseptal 
dissepiments,  and  in  the  inner  ("interlocular  ")  area  they  are  few 
in  number  and  rectangular.  The  central  ai'ea  is  six  lines  broad, 
and  exhibits  the  cut  edges  of  the  ten  sub-convolute  lamellse,  which 
converge  and  coalesce  and  form  a  strong  latro-median  rod,  which 
passes  into  the  fossula.  The  lamellie  are  united  by  the  free  ends 
of  the  convex  tabula?.  The  fossula  is  small,  and  a  single  septum, 
three-fourths  of  the  length  of  the  others,  pass  into  it. 

Height  of  coralluui,  51  inches;  diameter,  1  inch  5  lines. 

Formation, — Lower  carboniferous. 

Locality. — Found  at  Charleston,  Fifeshire. 

Hiatiophyllum  Raimayi.  (Thomson.) 

Plate  XII.,  Figs.  4  and  4a. 

This  species  differs  from  the  preceding  by  the  greater  number  of 
septa,  which  are  flexuous,  by  the  more  dense  vesicular  interseptal 
tissue  in  the  peripheral  zone,  by  the  broader  central  area — whicli 
is  more  dense — and  the  irregular  rod  that  extends  outwards  to  the 
fossula,  and  the  fossula  is  smaller  and  indicates  a  transitional 
tendency,  and  may  be  regardetl  as  trimorphic. 

Ili^tiophyllum  grandicum.  (Thomson.) 

Plate  XII.,  Fig.  .-). 

This  species  is  separated  from  the  preceding  by  its  larger  size. 
The  septa  are  not  so  numerous  and  more  or  less  dendriform,  the 
central  area  is  considerably  smaller,  and  a  portion  of  the  lamella  do 
not  reach  the  connecting  rod,  and  are  sub-convolute  and  ap- 
proximate the  genus  Rhodophyllum.  The  connecting  rod  is  shorter, 
and  the  fossula  is  suialler,  and  is  therefore  dimorphic. 
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Histiophyllum  microphyllum.  (Thomson.) 
Plate  XI.,  Figs.  7  and  8. 

This  elegant  species  is  so  distinct  and  so  easily  separable  from 
all  the  other  species,  that  it  is  almost  supei-fluous  to  further  refer  to 
it.  The  dense  and  delicate  interseptal  dissepiments  in  the  peri- 
pheral zone  and  the  central  area,  and  the  fact  that  the  lamellae  are 
more  numerous  on  the  one  side  of  the  central  area  than  they  are 
on  the  other  and  the  development  of  the  connecting  rod  is  in- 
dicated, the  fossula,  being  larger,  indicates  a  relationship  to  the 
genus  Koninckophyllum^  and  is  therefore  dimorphic. 

From  the  above  it  will  thus  be  evident  that  the  genu.s  Iliatio- 
phyllum — as  exemplified  in  the  illustrations  and  short  description 
of  the  structural  details — is  distinguished  from  its  nearest  allies  by 
characters  of  a  very  marked  nature;  and,  while  the  typical  species 
clearly  defines  its  generic  distinctions,  as  has  been  shown,  there 
are  structural  details  which  clearly  point  to  modifications,  and  that 
these  modified  forms  possess  structural  details  which  indicate  their 
mergence  and  union  to  genera  whose  structural  characters  are  of  a 
diverse  nature.  Although  they  all  more  or  less  resemble  each 
other,  but  in  unequal  degrees,  the  variations  are  in  some  forms 
extremely  slight,  but  of  the  most  diversified  character,  and 
abundantly  illustrate  that  modification  and  reproduction  have  been 
regulated  by  a  coefficient  immutable  law.  Thus  I  am  led  to 
consider  the  relationships  of  another  of  these  allies — i.e.,  the  genus 
A  spidophylhim. 

Genus  Aspidophyllum.  (Thomson.) 

Generic  Characters, — Corallum  simple,  cylindro-conical,  tall, 
curved,  and  marked  with  circular  stiiae  and  annulations  of  growth. 
The  calice  is  circular  and  shallow,  and  some  forms  are  everted, 
whilst  others  are  thin  around  the  margin  and  moderately  deep. 
The  septa  are  thin,  with  well-marked  lamina  for  variable  distances 
inwards  from  their  inner  ends.  These  are  of  two  orders.  The 
primary  vary  in  the  different  species ;  the  secondary  are  usually 
short,  and  in  some  forms  are  hardly  recognizable.  The  centre  of  the 
calioe  is  occupied  by  a  prominent  boss,  which  is  helmet-shaped,  the 
half  on  the  dorsal  side  being  dome-shaped,  whilst  the  other  half  slopes 
down  to  the  inner  raai^n  of  the  primary  septa  on  the  doi-sal  side 
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of  the  corallum.  The  lamellae  are  in  the  form  of  keeled  ridges ; 
the  median  lamella  is  longer  than  the  others,  and,  passing  over  the 
boss,  descends  as  a  prominent  keel  and  passes  into  the  fossula  on 
the  ventral  side  of  the  calice.  A  vertical  section  shows  that  the 
central  area  is  essential,  and  formed  of  laminae  which  arise  from 
the  base  of  the  corallum  and  is  laterally  united  by  concave  inter- 
lamellar  dissepiments  (or  tabulae).  The  fossula  is  distinct,  and 
usually  a  portion  of  the  structural  details  of  the  central  area 
extends  into  it. 

For  a  number  of  yeara  I  had  gi*ave  doubts  as  to  the  true 
classiticatory  value  of  this  group,  as  several  of  the  specimens, 
previous  to  their  being  sectioned,  might  readily  be  mistaken  for 
and  classified  amongst  Dana's  genus  Clisiophyllum.  I  have 
frequently  seen  species  of  this  genus  named  Clis.  coniseptunu 
Indeed,  there  is  almost  a  perfect  agreement  in  the  general  resem- 
blance of  the  external  aspect  of  some  of  the  species,  but  a  consider- 
able difference  in  structural  details  is  observed  after  the  specimens 
have  been  sectioned.  In  a  longitudinal  section  the  centre  of  the 
coralluDi  in  both  cases  is  filled  up  with  interlamellar  dissepiments 
tliat  laterally  unite  the  lamellae,  but  the  arrangement  of  each  differs 
widely.  In  ClisiophyUum  they  are  convex,  convexity  pointing 
upwards  and  outwards,  and  are  arranged  on  either  side  of  the 
columellarian  line  that  extends  from  the  infenor  to  the  superior 
extremity  of  the  corallum,  and  which  terminates  in  the  centre  of 
the  calice  in  the  foinn  of  a  conical  boss,  or  like  a  tent,  whereas  in 
the  genus  Aspidophylhcm  the  boss  in  the  centre  of  the  calice  differs 
not  only  in  its  external  aspect,  being  outlined  like  a  helmet,  round 
on  the  superior  extremity  on  the  dorsal  side,  and  tapering  down 
to  the  fossula  on  the  ventral  side  of  the  corallum,  but  also  in  the 
armngement  of  the  dissepiments,  which  laterally  unite  the  lamella 
that  spring  from  the  inferior  margin  of  the  corallum  and  ascend  to 
the  crown  of  the  columellarian  protubei-ance  in  the  centre  of  the 
calice.  These  interlamellar  dissepiments  are  always  concave.  The 
median  lamella  extends  for  two-thirds  of  the  width  of  the  helmet- 
shaped  boss,  passes  downwards,  and  extends  into  the  fossula  as  a 
prominent  ridge.  In  all  instances  there  is  no  difficulty  in  deter- 
mining the  latter  where  the  calice  is  well  preserved,  the  columel- 
larian boss  in  the  centre  of  the  calice  being  helmet-shaped,  and 
differing  so  widely  in  outline  from  ClisiophyUum,  its  nearest  ally — 
in  the  latter  the  boss  being  always  shaped  like  a  tent.  If,  however, 
the  peifect  calice  be  wanting,  if  there  is  either  a  transverse  or  a 
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longitudinal  section  of  the  coral  for  comparison  with  the  accom- 
panying plates,  the  observer  will  at  all  times  be  enabled  to  identify 
either  genera  or  species. 

In  the  triareal  arrangement  of  the  structural  details  the  genus 
Aspidophyllum  is  related  to  the  genus  Dibiinophylhcm.  It  is, 
however,  separated  from  the  latter  by  the  fact  that  the  median 
ridge  never  extends  across  the  total  diameter  of  the  central  area, 
while  in  typical  species  of  the  latter  the  boss  is  divided  into  two 
halves  by  the  median  ridge.  In  the  forms  of  the  latter  they  are 
more  or  less  divergent ;  there  is  a  perceptible  diminution  in  the 
extension  of  the  median  ridge  on  the  ventral  side,  which  may  be 
traced  diminishing  in  extent  till  it  merges  and  assumes  the 
structural  character  of  Aspidophyllum.  It  is  therefore  dimorphic, 
and  adds  another  illustration  to  the  many  of  the  endemic  tendency 
to  variation,  proving  that  families  are  indicated  by  their  external 
aspect  and  their  generic  relations  upon  their  stinictural  details 
and  their  specific  distinction  upon  the  relative  parts. 


Aspidophyllum  Kbnincki.  (Thomson.) 

Plate  XIII.,  Figs.  8  and  8a. 

Specific  Characters. — Corallum  simple,  tall,  cono-cylindrical,  and 
curved.  The  epitheca  is  thin,  and  marked  with  encircling  stria* 
and  broad,  deep  annulations  of  growth.  The  calice  is  wanting,  the 
transverse  section  circular.  The  central  area  is  seven  lines  broad, 
and  there  are  nine  lamella,  which  are  united  by  interlamellar 
dissepiments,  and  the  lamellne  are  attached  to  the  inner  margins  of 
the  primary  septa  by  a  system  of  sub-convolute  plates.  The 
lamellae  pass  inwards  to  near  the  centre  of  the  columellarian 
area,  and  unite  with  a  system  of  semicircular  cells,  of  which  the 
lateral  margin  of  the  median  plate  is  formed,  and  would  present 
in  the  centre  of  the  calice  a  broad  ridge,  tapering  down  to  the 
fossula. 

There  are  sixty  primary  septa  exhibiting  laminae,  and  these 
alternate  with  an  equal  number  of  minute  secondary  septa,  and 
each  is  united  by  angular  interseptal  dissepiments,  which  are  dense 
in  the  peripheral  zone,  and  few  and  rectangular  in  the  interlocular 
area.  The  fossula  is  large,  and  two  of  the  primary  septa,  of  shorter 
length  than  the  others,  extend  into  it    The  longitudinal  section 
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is  triareal ;  the  outer  area  is  seven  lines  broad,  and  composed  of 
minute  convex  cells,  convexity  pointing  inwards  and  upwards,  and 
arranged  in  oblique  rows.  The  intermediate  ("  interlocular")  area 
is  occupied  by  irregularly-disposed  convex  cells,  convexity  pointing 
upwards  and  outwards.  The  columellarian  area  exhibits  a  central 
median  line  and  other  discontinuous  linos,  and  are  united  by  con- 
cave tabulae. 

Corallum  imperfect  at  both  extremities,  its  length  is  4  inches, 
diameter  of  section,  1 A  inch. 

Formation. — Lower  carboniferous. 

Locality. — Found  at  Thirdpart,  Beith,  Ayrshire. 


AspiJophylhim  ohovatum.  (Thomson.) 

Plate  XIII.,  Fig.  7. 

This  species  is  distinguished  by  the  less  dense  zone  of  vesicular 
tissue  in  the  peripheral  area,  the  septa  less  numerous,  and  the 
obovate  columellarian  area,  in  which  the  lamellse  are  more 
numerous  and  the  interlamellar  dissepiments  are  less  dense.  Tho 
fossula  is  small.  Upon  the  whole  the  structural  details  are  not  so 
dense  as  in  the  preceding  species,  and  indicate  a  slight  divergent 
character  which  can  be  tmced  in  other  varieties  as  passing  into 
the  genus  Dibuyinphylhnn. 


A  spidoph  ylhtm  Unxleyi.    ( Thomson. ) 

mate  XIII.,  Fig.  9. 

This  species  is  distinguished  from  all  the  other  species  of  the 
genus  by  the  broad  central  area  and  broad  median  plate  in  the 
centre  of  the  calice,  the  short  lamellae,  the  limited  zone  of  inter- 
septal  dissepiments,  the  large  fossula,  and  by  its  tall,  cylindrical 
form. 

In  this  genus  the  structural  details  are  pronounced,  and  when 
the  calice  is  well  preserved,  the  helmet-shaped  boss  in  its  centre 
distinguishes  the  genus.  In  the  structui-al  details  of  the  central 
area,  however,  them  is  a  marked  difference  between  it  and  its  nearest 


Mr.  Thomson  on  Corals  of  Carhoniferom  System  of  Scotf^ind.  467 


allies,  and  upon  the  whole  the  type  species  are  clearly  centres,  and 
the  modified  forms  show  clearly  that  variation  is  innate,  and  that 
differentiation  and  reproduction  bring  about  relationships  of  a 
varied  and  diverse  character. 


Genus  Centrophyllum.  (Thomson.) 


Geyieric  Characters.-^QovdMvLm  simple,  cylindrical  and  conical 
near  the  inferior  extremity,  and  comute.  They  are  tall  in  the 
cylindrical  forms,  while  in  the  others  they  are  variable.  The 
epitheca  is  thin,  with  minute  encircling  lines  and  irregular  annu- 
lations  of  growth.  The  calice  is  circular  and  moderately  deep, 
and  in  some  forms  everted,  exhibiting  in  the  centre  of  its  floor  a 
slightly-elevated  boss,  which  is  formed  by  a  series  of  ridges  of 
variable  number,  and  which  are  the  free  ends  of  the  lamellae  of 
the  central  area,  converging  inwards  and  upwards  from  the  inner 
margins  of  the  primary  septa  to  the  centre  of  the  calice.  The 
septa  are  variable  in  number  and  stoutness,  and  are  of  two  orders. 
The  primary  never  extend  further  inwards  than  to  the  base  or 
outer  margin  of  the  elevated  boss  in  the  central  area,  and  exhibit 
laminae  for  about  three-foui*ths  of  their  length  from  their  inner 
margins,  while  towards  the  periphery  they  are  single,  thin,  and 
more  or  less  flexuous.  The  interlamellar  area  is  occupied  by 
minute  tiunsverse  granular  plates  ('^trabeculse"),  in  number  from  four 
to  twenty-two  in  the  space  of  a  line,  which  in  a  longitudinal 
section  are  seen  to  pass  inwards  and  downwards  along  the  inner 
face  of  the  laminae.  (Plate  I.,  Fig.  13a.)  The  secondary  septa  are 
minute,  and  hardly  recognizable  in  the  vesicular  tissue  that  sur- 
rounds the  outer  zone.  They  are  united  by  interseptal  dissepi- 
ments, which  are  few  in  number  near  the  inner  margins  of  the 
primary  septa  and  more  or  less  numerous  in  the  external  area, 
where  they  form  a  dense  vesicular  tissue.  The  walls  of  the  septa, 
the  lamellae,  and  interseptal  tissue  consists  of  two  layers — the 
inner  dense  and  granular,  the  outer  also  granular,  but  much  less 
dense.  The  fossula  is  variable  in  size  in  the  different  varieties, 
but  usually  well  marked. 

The  longitudinal  section  is  triareal.  The  middle  of  the  central 
area  is  composed  of  thin  discontinuous  columellarian  lines,  and  each 
of  these  lines  is  united  by  concave  tabulae;  while  at  the  outer  margin 
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of  the  central  area  they  ai-e  convex  cells,  the  convexity  pointing 
upwards  and  inwards.  The  intermediate  ("  interlocular")  area  is 
composed  of  convex  tabulae,  convexity  upwards.  These  tabuUe 
unite  the  inner  ends  of  the  primary  septa.  The  outer  ("inter- 
septal")  area  Ls  occupied  by  more  or  less  iiTegular  lenticular  cells, 
convexity  pointing  inwards  and  upwards,  and  arranged  in  oblique 
rows. 

As  regards  the  relationships  of  the  genus,  the  general  features 
of  the  external  aspect  present  a  close  resemblance  to  those  which 
properly  belong  to  Clisiophijlliimy  but  they  are  nevertheless  sepa- 
rated by  characters  sufficiently  distinct  to  warrant  them  being 
placed  in  a  gi'oup  by  themselves  ;  and,  on  the  other  hand,  by  the 
stinictural  details  of  the  central  area  there  is  a  near  relation  to  the 
genus  Ci/mateophjllnm.  Indeed,  there  appeal's  in  some  forms  to 
be  so  natural  and  intimate  a  relation  that  I  considered  a  number 
of  the  latter  as  varieties  of  Gentrophyllum,  and  have  thus  exempli- 
fied the  trimorphic  character  of  the  series. 

In  the  three  genera  the  outer  area  consists  of  convex  vesicles 
arranged  in  oblique  rows,  the  convexity  pointing  inwards  and 
upwards,  and  the  central  area  is  occupied  with  discontinuous 
columellarian  lines,  and  united  by  concave  tabulaj  in  the  centre  of 
the  central  area;  and  in  the  lateral  mai-gins  of  the  central  area  the 
tabulie  are  convex,  and  the  convexity  pointing  upwards  and  out- 
wards in  Centrophi/UuDif  while  in  ClisiophyUum  there  is  a  median 
columellarian  rod,  and  on  either  side  there  is  a  system  of  convex 
vesicles,  convexity  pointing  upwards  and  outwards.  And  in 
GynuzteophyUum  the  central  area  is  occupied  with  numerous  dis 
continuous  vertical  plates,  which  are  the  cut  ends  of  the  flexuous 
lamellie  of  the  central  area,  and  each  is  united  by  concave  tabulse. 
And  in  Glisiophylluin  there  is  a  conical  boss  in  the  centre  of  the 
floor  of  the  calice,  formed  of  a  system  of  lamellae  which  con- 
verge inwards  and  upwards  from  the  inner  ends  of  the  primary 
septa  to  the  median  axual  rod  in  the  centre.  And  in  CeTUro- 
phyllum  the  centre  of  the  calicular  cavity  is  occupied  with  a 
slightly  dome-shaped  pix)tuberance,  and  formed  of  lamellsB,  which 
extend  inwards  from  the  inner  ends  of  the  primary  septa,  and  at 
their  inner  ends  they  unite  in  the  centre  of  the  boss.  And  in  Cymor- 
teophyllum  the  central  area  of  the  calice  is  slightly  raised  above 
the  inner  ends  of  the  primary  septa,  and  the  lamellce  extend  in- 
wards in  sinuous  ridges,  and  a  portion  of  them  extend  across  the 
total  diameter  of  the  floor  of  the  calice.    It  will  thus  be  apparent 
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that  in  each  genus  there  are  central  types  which  are  separable 
from  the  nearest  allies  by  their  structural  details,  which  are  of  a 
diverse  character,  and  which  merge  and  unite  their  nearest  allies 
by  extremely  minute  gradations,  and  show  that  unless  there  is  a 
somewhat  complete  series,  would  and  has  been  the  cause  of  con- 
siderable differences  of  opinion  regarding  the  classificatory  value 
of  these  organic  remains.  At  every  point  of  our  investigation  we 
are  met  with  structural  characters  which  point  clearly  to  their 
relationship,  but  when  compared  with  other  more  or  less  intimately 
connected  varieties,  theii-  divergent  characters  leave  no  doubt  as 
to  their  natural  generic  distinction,  and  forcibly  demonstrates  the 
endemic  tendency  to  variation. 


Centrophyllum  bicerUricum.  (Thomson.) 

Plate  XIII.,  Fig.  10. 

Specific  Characters. — Coi-allum  simple,  moderately  toll,  conical 
and  curved.  The  epitheca  is  thin,  with  crenulating  striae  and 
broad  annulations  of  growth.  The  calice  is  circular  and  moderately 
deep,  and  in  the  centre  of  its  floor  there  is  a  broad  and  slightly 
elevated  boss.  The  septa  are  lamellar  for  three-fourths  of  their 
length  from  their  inner  ends,  and  there  are  eighteen  interlamellar 
rectangular  plates  (**  trabeculae")  in  the  space  of  a  line,  which  are 
the  cut  ends  of  the  interlamellar  strise.  The  septa  are  more  or 
less  flexuous  towards  the  periphery ;  there  are  sixty-two  primary 
alternating  with  an  equal  number  of  minute  secondary  septa,  the 
latter  being  hardly  recognizable  in  the  dense  vesicular  tissue  that 
they  intersect — and  these  are  united  by  more  or  less  angular  inter- 
septal  dissepiments.  The  central  area  is  subcircular  and  fully  six 
lines  broad,  and  in  a  transverse  section  exhibits  the  cut  ends  of 
the  vertical  lamellie  which  pass  inwards.  Four  of  these  converge 
and  meet  a  little  off  the  centre  on  the  one  side,  and  three  converge 
and  meet  on  the  opposite  side  of  the  centre  of  the  central  area, 
and  about  one  line  apart,  producing  a  bicentral  aspect,  and  are 
seen  in  the  longitudinal  section  to  be  intersected  by  the  cut  edges 
of  the  tabula;. 

The  longitudinal  section  is  triareal;  in  the  central  area  there- 
are  thin  discontinuous  columellarian  lines,  and  these  are  united  by 
concave  tabulse.     The  outer  ('*  interseptal ")  area  is  broad,  and 
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occapied  by  irr^olar  lendcolar  convex  cells — convexity  pointing 
upwards  and  inwards,  and  arranged  in  obliqae  rows.  The  fossula 
is  moderately  large,  and  two  of  the  primary  septa,  of  shorter  length 
than  the  others,  extend  into  it 

Height  of  corallum,  3^  inches;  diameter  of  calioe,  I  inch  10 
lines. 

Fortnation. — Lower  carboniferons. 

Zroca/////.— Found  at  Thirdi>art,  Beith,  Ayrshire. 


CentrophifU u m  subcentricum,    (Thomson. ) 
Plate  Xm.,  Fig.  11. 

This  species  differs  from  the  preceding  by  the  feust  that  the 
structural  details  are  more  dense,  the  central  area  is  not  so  broad 
in  proportion  to  its  breadth,  and  the  lamella;  are  more  numerous, 
and  five  of  the  lamellae  converge  and  meet  subcentrally  on  the 
dorsal  side  of  the  corallum. 

Height  of  coitilluin,  3  inches ;  diameter  of  section,  1  inch  7 
lines. 

Formation. — Lower  carboniferous. 

Locality, — Found  at  Thirdpart,  Beith,  Ayrshire. 

I  might  have  added  a  more  extensive  series  of  illustrations  had 
space  permitted,  in  all  of  which  the  structural  details  are  more 
vaiied  than  in  the  two  illustrations  that  accompany  this  com- 
munication. I,  however,  selected  these  from  the  fact  that 
their  structural  chai-acters  are,  although  diffei*ent,  yet  nearly 
allied,  and  to  illustrate  the  predominant  character  that  variation 
in  all  these  organic  remains  is  almost  by  imperceptible  gradations, 
and  also  to  illustrate  the  divergent  tendency  of  even  the  most 
minute  stinictural  details,  induced  either  by  external  causes  or  the 
innate  tendency  to  vai-iation,  producing  modifications  which,  with 
f  ui*ther  repi-oduction,  merges  into  and  unites  genera  whose  central 
types  leaves  no  doubt  of  their  classiticatory  value,  which,  as 
indicated,  points  to  the  genus  as  an  intermediate  group,  con- 
nected on  the  one  side  to  the  genus  Clisiophyllum^  and  merging 
into  and  united  with  the  genus  Cymateophylhim  on  the  other; 
which  leads  us  through  the  succession  of  physiological  modi- 
fication to  consider  the  relationships  of  the  latter,  and  to  inquire 
whether  in  that  group  there  are  similar  transitional  tendencies. 
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Genus  Cymateophyllum.  (Thomson.) 

Generic  CJiaracters, — Corallum  simple,  cono-cylindrical,  moder- 
ately tall,  and  curved.  The  epitheca  is  thin,  with  encircling 
iiTBgular  ridges  of  growth.  The  calice  is  circular  and  shallow, 
and  more  or  less  everted,  exhibiting  in  the  centre  of  its  floor  a 
number  of  bending  or  wavy  lamella?,  which  pass  from  the  inner 
margins  of  the  primary  septa  to  its  centre,  and  in  some  forms  a 
portion  of  the  lamellae  pass  over  the  central  space  in  sinuous 
ridges.  The  septa  are  usually  thin  and  of  two  orders.  The  primary 
never  extends  further  inwai*ds  than  the  outer  margin  of  the 
central  space,  and  exhibiting  laminee  for  about  a  third  of  their 
length  from  the  inner  margin,  while  towards  the  periphery  they 
are  thin  and  flexuous ;  and  the  secondary  septa  are  considerably 
shorter,  and  sometimes  hai-dly  recognizable.  They  are  united  by 
interseptal  dissepiments,  which  are  scanty  near  the  inner  ends  of 
the  primary  septa,  and  abundant  in  the  external  area,  where  they 
form  a  dense  vesicular  tissue.    The  fossula  is  well  marked. 

The  longitudinal  section  exhibits  the  triareal  arrangement  of 
the  internal  structure.  The  central  area  is  composed  of  thin, 
discontinuous,  irregular,  and  wavy  collumellarian  lines,  whict  are 
united  by  concave  tabulae.  The  intermediate  ("  interlocular  ")  area 
is  occupied  by  convex  tabulee,  which  unite  the  inner  ends  of  the 
primary  septa.  The  outer  ("  interseptal  ")  area  is  occupied  by  a 
zone  of  minute  lenticular  convex  vesicles,  convexity  upwards  and 
inwards,  and  airanged  in  oblique  rows. 

The  genus  Cymateophyllum  is  allied  to  the  genus  Centrophyllum 
in  the  possession  of  lamellte,  which  in  some  forms  converge 
inwards  to  the  centre  of  the  columellarian  area ;  and,  on  the  other 
side,  its  relationship  to  the  genus  Rhodaphyllum  can  be  traced  by 
the  fact  that  in  some  of  the  varieties  the  lamellae  on  one  side  are 
somewhat  sub-convolute,  while  on  the  other  side  they  are  sinuous 
and  converge  inwards  to  the  centre  of  the  central  area.  Indeed, 
there  appears  in  some  forms  to  be  so  natural  and  intimate  a 
relation  that  I  considered  them  as  varieties  of  Rhodophyllum. 
In  order  that  that  relationship  may  be  clearly  defined,  I  will 
shortly  refer  to  the  structural  character  of  the  species  selected 
from  the  group,  which  may  be  summarised  in  accordance  to  the 
relative  value  of  the  structural  details  of  the  centml  area. 


n-ij^iir  r  'ri-r  izir-ii.  -  T!i'n>-% — sHUMsnetrr .  iiiiiiBfttz:.  1  mi»tfc 
/     i*nt»n  »i. — nr-r  .anfliiiiiETniiiw 

fy^.u»j-f. — J  ;imit  .:i  LAai«»iiie  'inaLTy.  zt^iu:  Bofiiu  AjrahxreL 

?liz^,  XIV.,  F'^,  U. 

tri  ffiM  4f^/n/:H  tf»#^  vrpCA  ATB  IttB  nameroos*  the  interseptal 
fh^^fntMhts  Hfft  irr^;^rjlar  az^J  angular,  the  lamellae  in  the  centrml 
lift  ,  ,rf/>  f/     r  in  htiin^fcrf  and  on  the  ventral  side  of  the  conJliun 
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they  are  sub-convolute,  thus  indicating  a  transition  into  the 
structural  details  which  characterises  the  genus  Rhodophyllum  ; 
and  on  the  dorsal  side  the  lamellae  are  sinuous  and  arranged  as  is 
characteristic  of  the  type  species  of  the  genus,  and  the  interlamellar 
dissepiments  are  sparse.  Thus  the  central  area  is  considerably 
less  dense  in  the  structural  details,  and  in  the  possession  of  the 
sub-convolute  lamellae  on  the  one  side;  and  on  the  other  their 
sinuous  aspect  clearly  points  to  a  transitional  condition,  and 
indicates  its  mergence  from  Cyniateophyllum  into  that  of  Rhodo- 
phyllum  on  the  one  side,  and  by  the  open  cellular  tissue  in  the 
centre,  to  have  a  near  alliance  to  the  genus  Albertia. 

Formation. — Lower  carboniferous. 

Locality. — Found  at  Third  park,  Beith,  Ayrshire. 

Cyniateophyllum.    Sp.  (?) 
Plate  XIV.,  Fig.  15. 

This  variety  is  distinguished  by  the  fact  that  the  lamellae  are 
less  numerous  than  in  any  of  the  preceding  species,  and  they  are 
not  so  sinuous  as  in  Fig.  16.  They  converge  into  the  centre,  and 
thus  point  to  a  near  alliance  with  the  genus  Centrophyllum ;  and 
the  central  area  is  more  circumscribed,  and  the  septa  are  more  or 
less  llexuous  in  the  outer  zone,  and  the  interseptal  dissepiments 
are  fewer  in  number,  and  irregularly  rectangular. 

Formation.  — Lower  carboniferous. 

Locality. — Found  at  Brockley,  Lesmahagow,  Lanarkshire. 

This  species  approximates  so  closely  to  some  of  the  species  of 
Centrophyllum  that  I  had  considerable  doubts  as  to  what  genus  it 
ought  to  be  placed  amongst;  but  after  a  careful  examination  of 
both  genera,  I  felt  disposed  to  place  it  as  an  intermediate  species 
of  the  former  genus,  and  one  in  which  its  divergent  character  is  so 
nearly  equally  divided  that  at  most  it  can  only  be  regarded  as  a 
near  variety,  in  which  the  structural  details  are  more  closely  related 
to  the  former  than  to  the  latter  group,  and  further  illustrates  how 
difficult  it  is  to  define  their  separate  and  distinct  relationships. 
Indeed,  that  can  only  be  done  by  the  examination  of  an  extensive 
and  more  or  less  connected  series — more  especially  in  the  more 
highly-developed  forms.  It  is  noteworthy  that  the  more  complex 
the  structuml  details  are  the  variations  are  of  a  more  minute 
character,  and  thus  require  greater  attention  and  a  more  varied 
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series  of  specimens  to  examine  before  we  can  with  any  degree  of 
certainty  define  either  generic  or  specific  distinctions,  which  indi- 
cates that  we  have  in  these  transitional  varieties  the  clearest 
indication  that  to  approximately  know  the  relationships  of  these 
organic  remains  the  most  delicate  divergent  structural  characters 
must  be  taken  into  consideration.  Indeed,  to  describe  them  with 
any  degree  of  minuteness,  I  might  have  exhausted  the  entire 
available  space  with  the  details  of  the  near  allies  of  the  genus.  In 
those  referred  to,  however,  there  is  abundant  testimony  to  the  fact 
that  all  are  liable  to  modification,  and  in  these,  as  in  all  of  the  pre- 
ceding genera,  the  structural  chai*acters  diverge  in  all  directions. 

The  near  relation  and  transitional  tendency  in  CynuU,  ffarktiesai 
to  merge  into  and  to  unite  in  the  divergent  species  of  the  genus 
Rhodophylhcm  on  the  one  hand,  and  to  the  genus  Albertia  on  the 
other,  implies  our  consideration  of  the  development  of  the  latter 
genus. 

Genus  Albertia.  (Thomson.) 

Generic  Cluiracters. — Corallum  simple,  cylindro-conical,  curved, 
and  tall.  The  epitheca  is  thin,  ^vith  minute,  crenulate,  encir- 
cling lines  and  irregular  aimulations  of  growth.  The  calice  is 
circular  and  shallow,  and  in  some  forms  everted,  exhibiting  in  the 
centre  of  its  floor  a  series  of  irregular  ridges,  which  ipiore  or  less 
converge  inwards  and  downwards  from  the  inner  margins  of  the 
primary  septa  to  near  the  centre  of  the  calice.  There  is  a  depressed 
space  in  the  centre,  formed  by  concave  tabulae,  which  in  a  trans- 
verse section  are  seen  to  form  the  walls  of  the  central  depression, 
concavity  outwards  and  downwards.  The  septa  are  thin,  and  of 
two  orders.  The  primary  never  extend  further  inwards  than  to 
the  outer  margin  of  the  central  area,  and  exhibit  laminee  for  about 
half  their  length  from  the  inner  margin,  while  towards  the  peri- 
phery they  are  thin  and  llexuous,  and  there  are  interlamellar 
plates  ("  trabeculse").  The  secondary  septa  are  minute,  and  hardly 
recognizable.  They  are  united  by  interseptal  dissepiments,  which 
are  sparse  near  the  inner  boundary  of  the  primary  septa,  and 
abundant  in  the  external  area,  where  they  form  a  dense  vesicular 
tissue.  The  fossula  is  usually  small,  but  well  marked.  The  longi- 
tudinal section  is  triareal,  the  central  area  is  composed  of  thin 
discontinuous  columellarian  lines,  and  each  is  united  by  concave 
tabular.    The  intermediate      interlocular")  ai-ea  is  composed  of 
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convex  tabulie,  convexity  upwaixis,  which  unite  the  inner  ends 
of  the  primary  septa.  The  outer  ("  interseptal")  area  is  occupied 
by  a  zone  of  more  or  less  irregular  lenticular  convex  cells,  con- 
vexity upwards  and  inwards,  and  arranged  in  oblique  rows. 

The  genus  Albertia  was  established  by  myself*  for  the  reception 
of  a  large  group  of  corals,  presenting  a  combination  of  characters 
distinctly  different  from  any  of  the  existing  genera.  It  may,  how- 
ever, be  regarded  as  in  some  respects  intermediate  between  the 
genus  Aspidophyllum  and  the  genus  Cymateophyllum^  and  as 
exhibiting  structural  characters  which  closely  link  it  to  the  genus 
AulophyUum,  As  regards  its  structural  details,  it  may  be  dis- 
tinguished by  characters  of  a  distinct  nature. 

Firstly,  The  corallum  in  Albertia,  like  that  of  Aspidophyllum 
and  Cyniateophyllum,  is  triareal  in  composition.  Indeed,  there  is 
a  striking  similarity  in  the  external  and  intermediate  areas  in  the 
three  groups.  The  chief  characters  which  distinguish  Albertia  are 
the  form  and  arrangement  of  the  lamellce  or  ridges  in  the  central 
ar^,  which  are  slightly  raised  above  the  inner  margin  of  the 
primary  septa,  and  in  outline  are  more  or  less  round,  and  formed 
by  convex  plates — the  convexities  being  parallel  to  the  planes  of 
the  ridges.  The  ridges  converge  inwards  and  downwards,  but 
stop  short  of 'the  centre,  and  are  attached  to  the  outer  margin  of 
the  depression,  a  shallow  cup  in  the  centre  of  the  floor  of  the 
calice.  The  walls  of  the  central  depression  are  formed  of  con- 
cave tabulse,  which  converge  inwards  and  downwards,  the  centre  of 
which,  in  a  longitudinal  section,  is  seen  to  consist  of  minute 
titinsverse  tabulae.  The  structural  details  of  tbe  central  area  of 
the  corallum  are,  I  believe,  sufficient  to  warrant  us  in  separating 
Albertia  from  the  genus  Aspidophyllum.  In  the  latter  the  boss 
in  the  centre  of  the  calice  is  helmet-shaped  in  outline,  and  dome- 
shaped  on  the  ventral  or  concave  side  of  the  corallum,  and  slopes 
down  on  the  dorsal  or  convex  side  to  the  inner  margin  of  the 
l)rimary  septa.  The  free  edges  of  the  vertical  lamellte  of  the 
central  area  appear  on  the  crown  of  the  boss  as  so  many  keeled 
ridges,  and  the  median  ridge  passes  over  the  boss  and  descends 
into  the  fossula  on  the  dorsal  side  of  the  corallum,  forming  a 
more  or  less  continuous  median  line. 

Secondly,  The  genus  Albertia  agrees  with  Cymaleophyllum  in 
the  triareal  arrangement  of  the  structure,  and,  as  before  stated. 
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I  believe  that  it  is  in  the  central  area  alone  where  true  generic 
distinction  exists.  The  only  point  which  I  deem  it  necessary  to 
notice  is  the  central  ai-ea,  which  in  CymateophyUum  is  slightly 
raised  above  the  inner  margin  of  the  primary  septa  and  is  formed 
of  vertical  lamellse,  the  superior  exti-emity  of  which  appears  as 
wavy  ridges,  and  which  pass  from  the  margin  of  the  primary' 
septa  to  the  centre  of  the  floor  of  the  calice,  the  cut  edges  of  the 
vertical  lamellse  appearing  in  transverse  sections  as  so  many 
waving  or  bending  lines,  which  pass  from  the  inner  margin  of  the 
central  area  to  its  centre.  On  the  other  hand,  in  Albertia  the 
ridges  that  are  exposed  in  the  central  area  fall  short  of  the  centre 
or  floor  of  the  calice,  and  the  centre  of  the  shallow  cup  or  depres- 
sion is  closed  in  with  minute  tabulse — a  feature  which  also  charac- 
terises the  genus  AtclophyUum. 

Thirdly,  There  falls  now  to  be  considered  the  genus  Aula- 
phylluniy  in  respect  of  which  the  only  point  which  calls  for  special 
remark  is  the  depression  in  the  centre  of  the  calice.  In  the  genus 
Aulophyllum  the  centre  of  the  corallum  is  cup-shaped,  and  the 
periphery  is  formed  of  minute  and  closely-arranged  lamellse,  which 
pass  sharply  downwards,  and  are  attached  to  the  tabulse,  which 
forms  the  floor  of  the  central  area.  The  superior  extremity  of  the 
corallum  presents  in  ^outline  the  form  of  a  double  cup,  a  very 
marked  distinction.  As  in  Albertia,  the  calices  are  shallow  and 
more  or  less  cvei-ted,  and  the  superior  exti'emities  of  the  vertical 
lamella)  are  conspicuous,  round  in  outline,  and  irregular  in 
arrangement. 

Albertia  intermedium.  (Thomson.) 

Plate  XIV.,  Fig.  13. 

Specific  CAamc^e^*^.— Corallum  simple,  cylindro-conical,  tall,  and 
curved.  The  ejutheca  is  thin,  and  there  are  delicate  encircling 
lines,  and  broad  in*egular  annulations  of  growth.  The  calice  is 
wanting.  The  transvei-se  section  is  circular.  The  primary  septa 
are  lamellar  for  nearly  two-thirds  of  their  length  tvom  the  inner 
margin,  and  in  the  outer  ai*ea  they  ai-e  thin  and  more  or  less 
flexuous.  Thei-e  are  seventy-two  primary  septa,  alternating  with 
an  equal  number  of  secondary  septa.  The  latter  pass  inwai*ds  from 
the  periphery  for  a  line  and  a  half,  and  are  attached  to  the 
primary  septa  at  their  inner  ends.  In  the  outer  zone  the  inter- 
septal  spaces  are  occupied  by  scarce  and  moderately  angular 
dissepiments,  while  in  the  centre  they  become  numerous,  and  in  the 
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inner  ("  interlocular  ")  area  they  are  few  in  number  and  rectangu- 
lar. The  central  area  is  seven  lines  broad,  and  exhibits  the  cut 
edges  of  nine  laraellse,  which  never  reach  the  centre,  and  occupy 
two-thirds  of  the  central  area.  The  septal  fossula  is  narrow,  and 
a  single  primary  septum,  three-fourths  of  the  length  of  the  others, 
passes  into  it. 

The  longitudinal  section  is  triareal,  and  the  vertical  lamellae  are 
seen  to  stop  short  of  the  centre  of  the  corallum.  The  centre  is 
occupied  with  concave  tabulae.  In  the  intermediate  ("inter- 
locular'') area  there  are  convex  tabulae,  the  convexity  being 
upwards  and  outwards.  The  outer  ("  interseptal  ")  area  is  broad, 
and  exhibits  numerous  irregular  lenticular  convex  cellular  tissue, 
the  convexity  being  upwards  and  inwards,  and  arranged  in 
oblique  rows. 

Height  of  corallum,  4i  inches  ;  diameter  of  transverse  section, 
1  inch  and  10  lines. 

Formation. — Lower  carboniferous. 

Locality. — Found  in  Langside,  Beith,  Ayrshire. 

In  consequence  of  having  unduly  encroached  upon  the  available 
space,  and  the  large  variety  of  illustrations  that  accompanies  this 
communication,  I  am  unable  to  do  more  than  refer  to  my  paper 
on  the  genus  Albertia,  published  in  the  Society's  Proceedings 
in  1879.  In  that  communication  I  have  described  seven  species 
of  this  genus,  and  each  of  the  species  is  distinguished  by  the 
variously  arranged  septa,  or  dissimilarity  of  the  structural  details 
of  the  central  area.  In  several  of  these  species  the  variation  of 
the  structural  details  is  apparently  slight.  When,  however,  each 
species  is  examined  and  compared  with  its  nearest  allies,  we  find 
that  the  modification  is  sufficiently  distinct  to  warrant  them  being 
placed  as  distinct  separate  forms.  Indeed,  in  this  as  in  all  the 
more  highly-developed  groups,  variation  is  so  minute  that  it  requii-es 
the  closest  attention  to  define  their  specific  distinction.  In  all, 
however,  their  variable  characters  are  pronounced,  and  if  difieren- 
tiation  is  expressed  in  microscopic  proportions,  such  simply 
exemplifies  that  in  the  more  highly  diflerentiated  forms  modification 
must  of  necessity  become  more  and  more  minute  in  details.  That 
they  do  differentiate,  minute  though  the  differences  be,  induces  us 
more  and  more  to  realise  that  there  is  in  all  an  endemic  tendency  to 
variation,  which,  with  further  modification,  induces  greater  com- 
plexity in  the  structural  charactera  of  the  series. 
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With  regard  to  the  i^elationship  of  the  genus  Alberti<i,  a  careful 
comparison  of  the  structural  details  leaves  no  doubt  that  its  classi- 
iicatory  position  is  clearly  defined,  and  that  while  there  are 
structural  characters  which  more  or  less  indicate  a  near  relation 
to  allied  genera,  and  through  its  modified  details  we  can  trace  its 
mergence  into  the  genus  AapidophyUiun  on  the  one  hand,  and  on  the 
other  it  is  related  to  the  genus  C y^nateophyllum  in  the  possession 
of  flexuous  lamellas  on  the  one  side  of  the  corallum,  and  by  the 
possession  of  a  more  or  less  depressed  pentral  area,  and  the  occu- 
pation of  the  central  area  by  concave  .tabulae,  thus  presenting  the 
aspect  of  a  shallow  cup,  which,  when  more  fully  developed,  is  the 
structural  character  of  the  genus  AulophyUum — thus  not  only 
indicating  generic  modification  of  a  diverse  nature,  but  also  fore- 
shadowing a  timisitional  tendency  to  merge  and  to  unite  family 
relationships  which,  with  further  development,  the  central  cup 
Ijecomes  deeper  and  deeper,  until  in  outline  it  is  deeply  concave  ; 
and  with  further  development  it  assumes  the  form  of  a  double  cup, 
which  is  the  distinguishing  character  of  the  family  DiplocycUho- 
phyllulce.  Illustrations  of  such  modifications  could  be  given  if 
space  would  permit. 

As  stated  when  referring  to  the  generic  relationships  of  the 
genus  Cymateophyllum,  we  found  that  in  one  of  my  illustrations  I 
referred  to  its  alliance  with  the  genus  Bhodophyllum,  which 
induces  me  now  to  refer  to  the  structural  details  of  that  genus, 
and  to  inquire  into  its  relationships. 

Genus  Rhodophyllum.  (Thomson.) 

Generic  Characters.  —  Corallum  simple,  usually  tall,  cono- 
cylindrical,  and  curved.  The  epitheca  is  thin,  and  there  are 
encircling  striie  and  annulations  of  growth.  The  calice  is  circular 
and  shallow,  its  edges  are  more  or  less  everted,  and  exhibiting 
in  the  centre  of  its  fioor  a  dome-sha|)ed  or  i*ounded  boss, 
which  is  but  slightly  raised  above  the  inner  margin  of  the 
primary  septa.  The  surface  of  the  boss  is  marked  by  a  number  of 
spirally-twisted  ridges  which  proceed  from  its  margin  to  its  summit, 
where  there  is  no  distinct  median  crest  or  keel.  The  septa  are  of 
two  orders,  the  primary  never  extending  further  inwards  than  the 
outer  margin  of  the  central  boss,  and  the  secondary  septa  are 
considerably  shorter  and  sometimes  hai-dly  recognizable.  The 
internal  structure  is  triareal.    The  central  space  ('4nterlamellar  ") 
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ai*ea  is  foiiued  by  the  intersection  of  a  series  of  irregular  and 
vesicular  tabulse.  As  seen  in  transverse  sections,  the  intersection 
of  these  two  series  of  plates  give  rise  to  a  number  of  lines  which, 
though  irregular,  are  in  the  main  folded  in  a  spiral  or  contorted 
manner  round  an  imaginary  centre.  The  central  area  is  not 
partially  or  wholly  divided  into  two  parts  by  any  predominant 
lamella,  nor  are  the  vertical  lamellse  regularly  arranged  in  a 
radiating  manner  from  the  circumference  of  the  central  area 
towards  its  centre.  The  intermediate  ("interlocular")  area  is 
composed  of  nearly  horizontal  loosely  anastomosing  tabulae,  and 
the  inner  lamellar  ends  of  the  primary  septa  extend  into  it.  The 
outer  (**  interseptal")  area  is  occupied  by  the  septa,  which,  in 
this  portion  of  the  corallum,  are  delicate  and  more  or  less  flexuous, 
and  are  united  together  by  very  numerous,  close-set,  anastomosing 
dissepiments.  There  is  thus  pixKluced  an  exterior  zone  of  dense 
vesicular  tissue,  the  vesicles  of  which  are  arranged  in  oblique 
rows  directed  upwards  and  inwards.  The  longitudinal  sections 
show  that  the  centi-al  area  is  intersected  by  several  discontinuous, 
and  often  wavy,  columellarian  lines,  and  the  transverse  section 
exhibits  a  well-marked  septal  fossula. 

The  genus  Rhodophyllum  is  more  or  less  related  to  the  genera 
ClisiophyUum,  CentrophyUum,  Cymateophyllum,  and  Albertia  in 
the  possession  of  a  large  central  area,  the  superior  extremities  of 
which  projects  above  the  floor  of  the  calice  as  a  central  eminence 
or  boss,  which  is  formed  by  vertical  lamellse,  the  free  ends  of 
which  appear  as  so  many  bending  or  wavy  ridges  on  the  surface 
of  the  boss,  and  the  cut  edges  of  the  vertical  lamellse  appear  in  a 
transverse  section  as  variously  ari*anged  converging  lines  which 
converge  from  the  margin  of  the  central  area  inwards  to  its  centre, 
and  each  is  laterally  united  by  a  series  of  interlamellar  dis- 
sepiments. 

It  is  in  the  structural  details  of  the  central  area  of  the 
corallum  that  Rhodophyllum  exhibits  its  distinctive  character,  and 
these  are  sufficient  to  separate  the  genus  from  its  nearest  allies. 
The  structural  details  are  as  follows : — In  Rhodophyllum  thecalicinal 
boss  is  rounded  and  of  no  great  height,  and  there  is  no  median 
ci-est.  Its  surface  is  marked  with  spirally-twisted  ridges  which 
ascends  from  its  margin  to  its  summit,  and  folds  round  and  clasps 
an  imaginary  axis.  In  the  longitudinal  section  the  tabulro  are 
intersected  by  discontinuous  and  irregularly  disposed  vertical 
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columellarian  lines,  and  laterally  united  by  concave  tabula. 
While  in  the  genus  Clisiophyllum  the  boss  in  the  centre  of  the 
calice  is  prominent  and  conical,  and  in  some  species^  there  is  a 
system  of  ridges  which  extends  directly  inwards  and  upwards,  and 
in  other  species  they  are  more  or  less  spirally-twisted,  and  all 
extend  from  the  margin  inwards  and  upwards,  and  in  other 
species  they  ai-e  more  or  less  spirally  twisted,  and  all  extend  from 
the  margin  inwards  and  upwards  to  the  median  crest  on  the  crown 
of  the  conical  protuberance,  which  in  a  longitudinal  section  is  seen 
to  extend  from  the  inferior  to  the  superior  extremity  of  the 
corallum  as  a  median  columellarian  line.  It  is  therefore  in  the 
spirally-twisted  lamellie  in  those  forms  in  which  a  transitionary 
tendency  is  indicated  that  we  find  a  remote  relationship  to  the 
genus;  but  the  latter  is  broadly  separated  from  the  former  by  the  pro- 
minent conical  boss,  the  median  crest,  and  the  central  coliuuellarian 
line,  structural  details  that  are  never  present  in  the  former.  And 
Centrophyllum  is  separated  by  the  fact  that  the  lamellaB  converge 
and  unite  in  the  centre,  and  the  boss  is  slightly  raised,  but  never 
presents  the  rounded  form,  nor  do  the  lamellae  ever  assume  a 
twisted  aspect.  And  C ymakophyllum  is  readily  recognized  by  the 
slightly  i-aised  central  eminence,  which  is  more  or  less  depressed  in 
the  centre,  and  the  lamellie  are  always  wavy  or  sinuous,  and  some  of 
them  extend  across  the  central  area;  and  it  is  only  in  one  of  the 
varieties  that  we  find  on  one  side  of  the  central  area  a  disposition 
to  become  slightly  twisted — thus  indicating  a  tendency  to  diverg- 
ence. And  Albertia  is  sepai-ated  by  the  totally  different  aspect  of 
the  central  area,  which  is  slightly  raised  above  the  inner  ends  of 
the  primary  septa,  and  by  the  cent  ml  concavity,  and  the  centre  of 
the  floor  is  occupied  with  tabulae,  which  in  a  longitudinal  section 
is  concave  and  laterally  unites  the  discontinuous  columellarian 
lines.  In  a  transverse  section  there  is  more  or  less  exposed  a 
small  central  open  space  in  both  genei^a,  which  is  the  superior  face 
of  the  convex  tabulie ;  and  in  this  respect  the  latter  resembles  the 
former  genus,  but  is  clearly  distinct  by  the  short  lamellae,  which 
never  reach  to  the  centre  of  the  central  area  and  are  never  twisted, 
as  in  the  former. 

Bhi)do2)hylhcm  Philllpsi.  (Thomson.) 
Plate  XIV.,  Fig.  12. 
Specific  Characters. — Corallum  turbinate,  short,  and  marked  with 
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minute  encircling  lines  and  irregular  annulations  of  growth.  The 
calice  is  circular  and  moderately  deep,  the  columellarian  boas 
rotund,  and  slightly  raised  above  the  inner  margin  of  the  primary 
septa,  and  formed  by  sub-convolute  lamellae,  which  are  united  by 
interlamellar  dissepiments.  The  septa  are  numerous.  There  are 
sixty  primary  exhibiting  well  marked  laminae  near  their  inner 
margins.  Where  they  are  fusiform,  and  curved  gently  towards  the 
fossula,  or  from  left  to  right,  there  is  interlamellar  plates  ("  tra- 
beculte.")  There  is  an  equal  number  of  secondary  septa,  which  pass 
inwards  from  the  wall  for  about  two  lines,  there  they  bend  and  be- 
come united  to  the  primary  septa,  and  each  is  laterally  united  with 
numerous  angular  dissepiments,  which  fill  up  the  interseptal 
spaces.  The  fossula  is  large,  and  three  of  the  primary  septa  of 
shorter  length  than  the  others  extend  into  it. 

Height  of  corallum,  2  inches;  diameter  of  calice,  1  inch  and  11 
lines. 

Formation, — Lower  carboniferous. 

Locality, — Found  at  Langside,  Beith,  Ayrshii-e. 

I  dedicated  this  species*  to  the  late  Prof.  John  Phillips,  F.R.S., 
as  an  expression  of  my  appreciation  of  his  uniform  urbanity  and 
kindness,  nowhere  better  exemplified  than  in  Section  C,  at  the 
Meetings  of  the  British  Association. 

I  possess  a  large  and  varied  series  of  this  genus;  and  in  order 
that  the  divergent  character  may  be  realized  I  will  shortly  refer 
to  those  forms  that  have  been  described. 

(1)  Rhodophyllum  Craigi  (Thomson).  This  species  is  dis- 
tinguished from  the  preceding  by  the  possession  of  a  broader 
central  area  The  septa  are  more  numerous,  there  being  eighty- 
eight  primary  and  an  equal  number  of  secondary  septa,  and  the 
interseptal  dissepiments  are  considerably  more  numerous  and  the 
fossula  is  smaller. 

Formation. — Lower  carboniferous. 

Locality. — Found  at  Langside,  Beith,  Ayrshire. 

(2)  Rhodophyllum  simplex.  This  species  differa  in  the  structural 
details  of  the  central  area,  the  lamellae  ai*e  more  convolute,  and  there 
are  fewer  interlamellar  dissepiments,  and  it  is  altogether  consider- 
ably more  simple  in  its  structural  characters. 

Formation, — Lower  carboniferous. 

Locality. — Found  at  Brockley,  Lesmahagow,  Lanarkshii-o. 


*  Geological  Magazine,  Decade  II.,  Vol,  I.,  1874. 
Vol.  XIV.  2  i 


482 


Philosophical  Society  of  Glasgow, 


(3)  Rhodophyllum  Romeri  (Thomson).  This  species  is  char- 
acterised by  the  broad  central  area.  The  lamellae  are  not  so 
numerous.  The  septa  are  more  delicate,  and  in  greater  numbei*s. 
There  are  seventy-four  primary,-  and  these  alternate  with  an  equal 
number  of  secondary  septa.  The  interseptal  dissepiments  are  more 
dense,  and  the  fossula  is  smaller,  and  on  the  whole  it  may  be  re- 
garded as  intermediate  in  all  its  details  between  Rhod,  Phillipsi 
and  Rhod,  Craigi. 

Formation, — Lower  carboniferous. 

Locality. — Found  at  Langside,  Beith,  Ayrshire. 

(4)  Rhodophyllum  reticulatum  (Thomson)  is  separated  from  all 
the  previous  forms  by  the  fact  that  the  septa  are  not  so  numerous, 
and  the  dense  reticulate  structure  of  the  central  area;  and  in  this 
respect  is  related  to  several  species  of  Clisiophyllum  (Dana),  but  is 
separated  from  that  genus  by  the  non-possession  of  a  columellarian 
rod. 

Formation. — Lower  carboniferous. 

Locality. — Found  at  Langside,  Beith,  Ayrshire. 

(5)  Rhodophyllum  Slimoni  (Thomson).  In  this  species  there 
is  a  marked  difference  by  its  large  form,  it  being  not  less  than 
half-an-inch  broader  than  any  of  the  other  species.  The 
septa  are  stout  and  vesicular  in  their  inner  half,  and  dendriform 
and  delicate  in  the  outer  peripheral  zone.  There  are  only  forty- 
four  primaiy,  and  these  alternate  with  an  equal  number  of 
secondary  septa,  and  structural  details  of  the  central  area  is  less 
reticulate  than  the  latter  —  but  more  so  than  in  any  of  the 
former  species;  and  three  of  the  lamellie  meet  near  the  centre  of  the 
central  area,  and  thus  indicates  a  remote  relationship  to  the  genus 
Centrophylluni. 

Upon  the  whole,  while  this  genus  is  distinguished  by  characters 
of  an  unusually  marked  kind,  yet  in  the  less  i)ronounced  varieties  we 
find  an  intimate  relation  to  Clisiophyllum  on  the  one  hand,  and  to 
Centrophylluni  in  the  other;  and  when  all  the  varieties  are  en- 
graved and  properly  illusti-ated,  this  genus  will  abundantly  ex- 
emplify its  polymorphic  nature,  and  clearly  illustrate  the  endemic 
tendency  to  variation,  and  will  show  that  in  each  modification, 
with  further  development,  its  divergent  stinictural  details  merges 
and  unites  its  generic  relationships  in  all  directions. 

In  all  the  preceding  forms  I  have  tried  to  show  that  the  tendency 
to  vaiiation  is  apparent  in  every  group,  and  that  the  generic 
relationships  are  polymorphic,  and  may  be  traced  merging  from 
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one  species  into  other  allied  forms ;  but,  from  the  innate  tendency 
to  variation,  we  have  found  how  difficult  it  is  to  draw  the  line  of 
demarcation  between  even  genera.  We  have  also  found  that  in  several 
genera  there  is  indicated  a  further  modification,  and  that,  by  the 
depression  of  the  central  area,  and  it  becoming  more  and  more 
depressed,  there  is  thus  foreshadowed  a  divergent  character  suffi- 
ciently pronounced  to  warrant  us  in  regaixling  such  modifications  as 
indicating  a  mergence  into  another  group,  which  I  have  ventured  to 
show  as  belonging  to  a  distinct  and  separate  family,  and  have,  by 
the  structural  aspect  of  the  central  area,  been  inducetl  to  designate 
under  the  family  name  of  Diplocyatfwphyllidct. 

FAMILY  DIPLOCYATHOPHYLLIDi*:. 
(Thomson.)    Fam.  nov. 

Corallum  simple,  septa  well  developed,  and  extending  inwards 
about  a  third  of  the  total  diameter  of  the  corallum.  Septal  fossula 
variable,  columella  tubular.  The  longitudinal  section  presents  the 
form  of  a  double  cup  at  the  superior  extremity  (Plate  XIV.,  Figs. 
3  and  8). 

The  form  and  structure  of  this  family  are  so  distinct,  and  differ 
so  widely  from  all  the  other  gix)ups  of  comllino  remains  that  have 
hitherto  been  discovered  in  the  carboniferous  rocks,  that  the  double 
cup  and  the  septal  system  around  the  inner  margin  of  the  cup 
suggests  that  it  is  probable  these  septa  are  the  expression  of  a 
double  circlet  of  tentacles — an  outer  around  the  peripheiy  of  the 
corallum  and  an  inner  around  the  periphery  of  the  tubular  colu- 
mella. Deeming  such  probable,  I  have  reconstructed  a  model  of 
the  aspect  I  conceive  the  polyp  presented  when  in  life,  the  upper 
portion  representing  the  polyp's  body,  while  the  lower,  or  the 
portion  below  the  circular  lino,  represents  the  Bclerodennic  corallum 
(Plate  I.,  Fig.  2). 

Genus  Aulophyllum.    (Edwards  and  Haime.) 

Generic  Characters, —  Corallum  simple,  variable  in  height, 
conical,  cylindro-conical,  and  curved.  The  epitheca  is  thin,  with 
fine  encircling  lines  and  annulations  of  growth.  The  calice  is  deep. 
In  some  forms  it  is  thin  around  the  periphery,  in  others  they  are 
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more  or  less  everted,  exhibiting  in  the  centre  of  its  floor  a  cup- 
shaped  projection  (Plate  XIV.,  Fig.  8).  Its  wall  is  formed  by  a 
system  of  curved  plates  which  arise  at  the  inner  ends  of  the  primary 
septa,  bend  downwards,  fold  round  the  cylindrical  columella,  and 
fonn  its  mural  investment.  The  septa  are  of  two  orders.  The 
primary  extend  inwards,  but  always  stop  short  of  the  wall  of  the 
cylindrical  columella,  and  exhibit  laminae  for  about  four-fifths  of 
their  length  from  their  inner  margins,  while  near  the  periphery 
they  are  thin  and  single.  The  interlamellar  area  is  occupied  by 
minute  transverse  granular  plates  of  variable  number  in  the  space 
of  a  line,  which,  in  a  longitudinal  section,  are  seen  to  pass  down- 
wards and  inwards  along  the  inner  face  of  the  lamina  (Plate  XIV., 
Fig.  8a).  The  secondary  septa  in  some  forms  extend  inwards  about 
half  the  length  of  the  primary  septa,  whilst  in  others  they  are 
minute  and  hardly  recognizable  in  the  vesicular  tissue  that  sur- 
rounds the  outer  zone.  They  are  united  by  interaeptal  dissepiments, 
which  are  few  in  number  near  the  inner  margins  of  the  primary 
septa,  and  more  or  less  numerous  in  tlie  external  area,  where  they 
form  a  dense  vesicular  tissue. 

The  walls  of  the  septa  and  the  intereeptal  tissue  consists  of  two 
layers — the  inner  dense  and  granular,  the  outer  also  granular,  but 
much  less  dense. 

The  fossula  is  variable  in  size  in  the  difierent  forms,  but 
usually  well  marked.  The  longitudinal  section — Plate  XIV., 
Fig.  8,  is  triareal.  The  central  area  is  occupied  by  a  cylindrical 
columella ;  its  wall  is  formed  of  curved  plates,  which  extend  from 
the  inner  ends  of  the  primary  septa,  and  at  their  inner  ends  they 
curve  inwards  and  umte  with  a  system  of  plates  that  bend  and 
pass  downwards,  and  rest  upon  the  minute  tabulae  that  occupies 
the  centre  of  the  visceml  chamber,  and  which  divide  the  central 
space  into  minute  ti-ansverse  cells. 

The  intermediate  ("  interlocular")  area  is  occupied  by  convex 
tabulas,  convexity  pointing  upwards  and  slightly  outwards,  and 
unite  the  inner  ends  of  the  primary  septa. 

The  outer  ("  interseptal")  area  is  occupied  by  more  or  less 
irregular  lenticular  convex  cells,  convexity  pointing  upwards  and 
inwards,  and  arranged  in  oblique  rows. 

The  genus  Aidophylltnn  of  Edwards  and  Haime  present  a  com- 
bination of  characters  distinctly  different  from  all  the  other  existing 
genera.  In  the  general  features  of  the  external  aspect  the  forms 
present  a  close  resemblance  to  those  which  properly  belong  to  the 
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genus  Cyclophylhtm,  but  they  are,  nevertheless,  separated  by 
characters  sufficiently  distinct  to  warrant  their  being  placed  in  a 
group  by  themselves.  It  may,  however,  be  regarded  as  in  some 
respects  intermediate  between  the  genus  Cyclophylluin  and  the  genus 
Albertia.  As  regards  its  relationships  it  may  be  distinguished  by 
characters  of  a  fundamental  nature. 

Firstly,  The  corallum  in  Aulophyllumy  like  that  of  Cyclaphyllum 
— the  next  genus  to  be  referred  to — and  Albertia,  is  triareal  in 
composition.  The  chief  characters  which  distinguish  Aulophyllum 
are  the  cylindrical  columella,  and  the  periphery  is  formed  of 
minute  and  closely-arranged  plates,  which  pass  upwards,  curve  at 
their  inner  ends,  and  are  attached  to  a  series  which  pass  sharply 
downwards,  and  rest  upon  the  minute  tabula?,  whicli  form  the  floor 
of  the  central  tubular  columella,  which  in  a  longitudinal  section,  if 
made  down  the  axis  of  the  corallum,  pi^esents  the  form  of  a  double 
cup,  and  the  bottom  of  the  cup  is  closed  by  minute  flat  tabulae. 

Secondly,  The  genus  Aulophyllum  agrees  with  the  genus 
Cyclaphyllum  in  the  triareal  arrangement  of  the  structure,  and  in 
the  fact  that  each  possess  a  tubular  columella  ;  and,  as  I  have  long 
been  convinced  that  it  is  in  the  central  area  alone  where  time 
generic  distinction  exists,  the  only  point  which  I  consider  it 
necessary  to  notice  is  the  centre  of  the  columellarian  area,  where 
in  both  genera  the  periphery  Ls  exposed  projecting  above  the  inner 
ends  of  the  primary  septa.  In  Cyclophyllum,  however,  in  a  longi- 
tudinal section,  if  made  along  the  axis  of  the  corallum,  it  also 
presents  the  form  of  a  double  cup.  The  centre  of  the  columella, 
unlike  the  tabulae  in  Aulophyllum,  is  occupied  by  more  or  less 
discontinuous  lamellae,  and  these  are  united  by  minute  vesiculai- 
tissue. 

Thirdly,  There  falls  now  to  be  considered  the  genus  Albertia, 
in  respect  of  which  the  only  point  which  calls  for  special  remaik 
is  the  arrangement  of  the  central  area.  In  the  genus  Albertia 
like  that  of  the  genus  Aulophyllum,  there  is  a  depression  in  the 
centre  of  the  columellarian  area ;  it,  however,  never  assumes  the 
cup-shaped  aspect  of  the  latter,  and  there  is  no  cylindrical  tube, 
and  the  central  area  is  occupied  by  a  system  of  lamellae,  which 
extend  inwards  from  the  inner  margin  of  the  primary  septa,  and 
stop  short  of  the  centre,  and  are  attached  to  the  outer  margin  of 
the  depression  or  shallow  cup  in  the  centre  of  the  floor  of  the 
calice.  The  walls  of  the  central  depression  are  formed  of  concave 
tabulae,  which  converge  inwards  and  downwards,  the  centre  of 
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which,  in  a  longitudinal  section,  is  seen  to  consist  of  minute  trans- 
verse tabalse  (PI.  XIV.,  Fig.  8).  The  chief  features  that  distin- 
guish the  genus  AiUophyUum  is  the  superior  extremity  of  the 
corallum,  presenting  in  outline  the  form  of  a  double  cup.  In  the 
genus  Albertia^  the  calices  are  shallow  and  more  or  less  everted, 
and  the  superior  extremities  of  the  vertical  lamelle  are  conspicuous, 
round  in  outline,  and  irr^ular  in  arrangement — a  very  mai-ked 
distinction. 

It  will  thus  be  seen  that  the  above  marked  characters  of  the 
central  area  are  sufficiently  distinct  to  warrant  the  establishment 
of  the  group  into  a  distinct  genus,  as  the  more  I  investigate  the 
corals  of  the  cai'boniferous  rocks,  the  more  I  am  persuaded  that  it 
is  only  in  the  structure  of  the  central  area  that  there  is  any 
classificatory  value  for  either  generic  or  specific  distinction. 

Aulophylluin  Wunschi.  (Thomson.) 

Plate  XIV.,  Fig.  6. 

Specific  Cliaractera, — Corallum  simple,  short,  turbinate,  and 
much  curved  near  its  base.  The  calice  is  shallow,  its  margin  is 
thin,  and  the  central  area  is  shallow  and  slightly  raised  above  the 
inner  ends  of  the  primary  septa.  The  epitheca  is  thin,  and  the 
outer  ends  of  the  primary  septa  are  exposed  as  longitudinal  ridges 
through  the  thin  epitheca.  The  septa  are  of  two  orders.  There 
are  fifty-six  primary,  alternating  with  an  equal  number  of  secondary 
septa.  The  latter  extend  inwaixis  from  the  periphery  for  half  the 
length  of  the  primary  septa,  and  all  are  united  by  rectangular 
intersoptal  dissepiments,  which  are  numerous  in  the  outer  zone 
and  sparae  in  the  intermediate  ("  interlocular  ")  area.  The  primary 
septa  are  lamellar  for  five-sixths  of  their  length  from  their  inner 
ends ;  in  the  outer  peripheral  zone  they  are  single.  There  are  ten 
interlamellar  plates  in  the  space  of  a  line,  which  are  the  cut  ends 
of  the  interlamellar  strite.  The  central  area,  as  exposed  in  the 
transvei-se  section,  is  ovate,  and  accuminate  opposite  the  fossula. 
Its  wall  is  composeil  of  irregular  lenticular  convex  plates,  con 
vexity  pointing  outwards,  and  united  to  the  inner  ends  of  the 
primary  septa  by  the  intervention  of  a  system  of  angular  plates ; 
and  around  the  inner  margin  of  its  periphery  there  is  a  cyclum  of 
irregular  and  sparse  septa.  Some  of  these  are  more  or  less  sinuous, 
and  converge  inwards  to  near  tlie  centre  of  the  central  area,  and 
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all  are  united  by  endothecal  tissue  of  varied  aspect  and  density. 
The  fossula  is  small,  and  a  septum,  of  half  the  length  of  the  others, 
extends  into  it. 

Height  of  corallum,  2  inches ;  diameter  of  section,  1  inch. 

Formation, — Lower  carboniferous. 

Locality, — Found  imbedded  in  the  brecciated  conglomerate 
that  is  interstratified  between  the  red  sandstone  at  the  Cock  of 
Arran — regarding  the  age  of  which  several  of  the  authors  that 
have  described  the  sections  of  the  northern  end  of  Arran  are  not 
agreed.  Some  regard  the  sandstone  and  conglomerate  of  the 
northern  point,  or  Cock  of  Arran,  as  of  old  red  sandstone  age, 
while  others  have  regarded  it  as  of  Permian  age.  The  dis- 
covery of  this  coral,  and  a  considerable  number  of  other  well- 
authenticated  carboniferous  fossils,  establish  beyond  doubt  that 
these  rocks  were  deposited  posterior  to  the  deposition  of  the 
marine  series  of  the  carboniferous  system.  My  own  conviction  is, 
that  they  are  the  equivalents  of  the  millstone  grit.  Rocks  of  a 
similar  colour  and  composition — and  their  superposition  to  the 
inferior  marine  series  has  a  striking  identity — are  well  exposed 
along  the  coast  line  to  the  south  of  Dunbar,  Haddingtonshire.  I 
have  found  this  same  species  in  the  shale  that  overlies  the  lowest 
bed  of  limestone  in  Corrie  Mines,  Arran. 


Aidophyllum  funyites.    (Edwards  ami  Haime.) 

Plate  XJ v.,  Fig.  8. 

A  longitudinal  section,  to  show  the  double  cup,  the  tabulse  in 
the  central  area,  and  the  deep  calicular  cavity.  The  spaces  where 
the  structure  is  wanting  in  the  interlocular  area,  on  each  side  of 
the  calice,  is  tilled  in  with  impure  sedimentary  matter,  and  hence 
obscures  the  structural  cbaractern. 

A»lophyllum  Uaimei.  (Thomson.) 

Plate  XIV.,  Fig.  9. 

This  species  is  distinguished  from  the  preceding  by  the  less  dense 
structural  details  in  the  central  area  and  the  less  exposed  tabulate 
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space  in  the  centre  of  the  central  area.    The  septa  are  more  deli- 
cate,  the  zone  of  vesicular  tissue  in  the  peripheral  zone  is 
considerably  denser,  and  the  fossula  is  smaller. 
Formation. — Lower  carboniferous. 

Locality, — Found  at  Brockley,  Lesmahagow,  Lanarkshire. 

Axdophyllum  expansum,  (Thomson.) 
Plate  XIV.,  Fig.  7. 

This  species  is  separated  from  the  former  by  the  smaller  central 
area,  which  is  accuminate  opposite  the  fossula.  The  septal  system 
in  the  central  area  is  more  dense,  and  several  of  the  septa  extend 
inwards  towards  the  centre,  and  thus  indicating  a  tendency  to  modi- 
fication, which  can  be  shown  in  other  species  to  assume  a  loose 
cellular  aspect,  and  to  merge  into  the  genus  Cyclophyllum  (Duncan 
and  Thomson).  The  zone  between  the  inner  ends  of  the  primary 
septa  is  broader,  and  the  cellular  tissue  less  dense. 

Formation, — Lower  carboniferous. 

Locality. — Found  at  Charleston,  Fifeshire. 

Aulophyllum  Patricki.  (Thomson.) 

Plate  XIV.,  Fig.  11. 

This  gigantic  species  is  distinguished  from  all  the  other  species 
of  the  genus  by  characters  of  a  very  marked  kind.  Indeed,  the 
structural  difference  is  so  pronounced  that  it  is  almost  unnecessary 
to  do  more  than  simply  refer  to  the  illustration  that  accompanies 
this  communication.  It  will  be  apparent  that  the  arrangement  of 
the  lamellae  clearly  points  to  its  transitional  tendency,  and  may  be 
regarded  as  indicating  its  mergence  into  the  genus  Albertia,  It  is 
allied  to  Albertia  by  the  possession  of  a  system  of  lamellfe  in  the 
centml  area.  It,  however,  differs  from  Albertia  by  the  fact  that 
the  lamellas  do  not  intersect  the  tabula^,  while  in  Albertia  the 
lamella  extends  from  the  superior  to  the  inferior  part  of  the  coral- 
lum,  and  the  tabulee  never  extend  across  the  central  area,  but  are 
more  or  less  intersected  by  the  vertical  lamellje,  and  the  centre  of 
the  central  area  is  more  or  less  closed  in  by  a  series  of  down- 
curved  plates,  and  exposes  loose  vesicular  tissue  in  the  centre  of 
the  visceral  chamber;  while  in  ArdophyUum  the  tabulre  is  seen  to 


Mr.  Thomson  on  Corals  oj  Carboni/erom  iSysteiu  o/ Scotland,  489 

extend  more  or  less  across  the  centre  of  the  visceral  chamber  in 
the  longitudinal  section,  and  in  a  transverse  section  the  supeiior 
face  of  the  tabulae  is  always  exposed  in  the  centi-e  of  the  central 
area,  and  therefore  possess  characters  which  unite  it  to  the  genus 
AtdophyllwH. 

Height  of  corallum,  imperfect — the  poi-tion  I  have  is  6  inches 
long ;  diameter  of  section,  2  inches  and  3  lines. 
Formation, — Carboniferous. 

Locality, — Found  in  the  bed  of  shale  that  overlies  the  lowest 
bed  of  limestone  in  Langside  Quarry,  near  Beith,  A3rr8hire. 

It  will  thus  be  apparent  that  while  the  genus  Aulophyllum  is 
distinguished  from  all  the  other  genera  by  characters  of  a  funda- 
mental nature,  and  can  at  all  times  be  recognized  by  the  double 
cup,  by  the  open  space  in  the  central  area,  or  the  fi'ee  face  of 
uppermost  tabula,  and  the  deep  groove  between  the  inner  ends  of 
the  primary  septa  and  the  tubular  columella,  yet  in  it,  as 
in  all  the  other  genera,  there  is  no  finality  in  the  aiTangement  of 
the  stnictural  details  of  the  central  area.  A  few  of  these  divergent 
characters  may  be  briefly  summarised  as  follows : — 

(1)  In  Aulop.  Wiinschi  the  tabulate  centre  of  the  central 
area  is  freely  exposed,  the  central  area  is  broad,  and  its  septal 
system  numerous. 

(2)  In  Aulop,  expanmm  the  centi-al  area  is  much  smaller, 
the  groove  around  its  margin  is  broader,  the  septa  of  the 
inner  zone  are  much  more  minute  and  numerous,  and  several  of 
the  septa  extend  inwards  and  impinge  upon  the  face  of  the 
tabuhe,  and  expose  a  more  or  less  loose  reticulate  aspect. 

(3)  In  Aulop,  Haiinei  the  structural  details  in  the  central 
area  ai-e  less  dense,  and  more  or  less  reticulate,  and  the  centre  is 
greatly  circumscribed  by  the  extension  inwards  of  the  inner  zone 
of  septa,  and  thus  merges  so  near  to  the  genus  Cycloph  i/Uum  that 
it  becomes  difficult  to  define  their  generic  distinction. 

(4)  In  Aulop.  Patricki,  In  this  species  the  tabulae  of  the 
central  area  are  broad.  There  is,  however,  a  marked  difference  of 
the  septal  system  in  the  coliimellarian  area.  Indeed,  their  union 
with  the  inner  ends  of  the  primary  septa,  their  lamellar  aspect, 
and  the  arrangement  of  the  septa  in  the  columellarian  area,  which 
merges  so  closely  upon  the  lamella  of  other  groups,  all  clearly 
point  to  its  relationship  with  the  genus  Albertia. 

It  will  thus  be  apparent  that  while  the  centi-al  space  is  sufficiently 
pronounced  in  th(»  central  types,  and  leaves  no  doubt  as  to  their 
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generic  distinction^  yet,  there  are  divergent  species  with  mei^nt 
forms,  which  become  united  to  allied  genera  on  both  sides,  and 
thus  exhibits  their  variable  tendencies;  and  I  believe  that  if  other 
forms  were  sectioned,  the  separation  of  the  seeming  divergent 
genera  would  be  obsolete,  and  would  thus  add  another  series  of 
demonstrations  to  show  that  variation  in  the  tissues  of  the  living 
animals  has  been  microscopic  in  detail,  and  that  each  minute 
deviation  from  the  central  tyi>e  of  each  group  demonstrates  to  the 
universality  of  the  endemic  tendency  to  variation,  and  that  each 
modified  form  becomes  a  centre  around  which  other  modifications 
anse,  and  amply  demonstrates  the  consanguinity  of  these  organic 
remains. 

From  what  has  been  stated  it  will  be  apparent  that  the  next 
group  that  falls  to  be  referred  to,  and  whose  relationship  has  been 
indicated,  are  grouped  under  the  genus  Cychphyllum  (Duncan  and 
Thomson^ 

Genus  Cyclopiiyllum.    (Duncan  and  Thomson.) 

Generic  Charactei's. — Corallum  simple,  cylindro-conical,  comute, 
and  curved.  The  cylindrical  forms  are  frequently  curved  and 
twisted,  while  the  cornute  forms  are  stouter  and  never  so  tall 
The  epitheca  is  variable  in  stoutness.  The  calice  is  usually  deep. 
Those  forms  with  tlio  deep  calices  are  thin  around  the  margin, 
while  those  varieties  whose  calices  are  not  quite  so  deep  are  not 
so  thin,  and  in  some  it  is  more  or  less  everted,  exhibiting  in 
the  centre  of  its  floor  a  cup-shaped  projection,  which  is  more  or 
less  raised  above  the  inner  margin  of  the  primary  septa  (PI.  XIV., 
Fig.  3),  which  in  a  transverse  section  is  seen  to  be  surrounded  by 
a  system  of  minute  septa,  which  converge  inwards,  coalesce,  and 
assume  a  more  or  less  reticulate  aspect  in  the  centre  of  its  floor 
(PI.  XT  v.,  Fig.  I).  The  septa  are  variable  in  number  and  stout- 
ness, and  are  of  two  orders.  The  primary  septa  never  extend  into 
the  wall  of  the  cylindrical  columella,  but  ai-e  united  to  the  central 
mass  by  a  system  of  sub-convolute  plates,  which  fold  round  and 
form  the  wall  of  the  columella.  The  primary  septa  exhibits 
laminfe  to  near  the  peripheiy.  Near  their  outer  margins  they  are 
single  and  thin.  The  interlamellar  spaces  are  occupied  by  minute 
transverse  granular  plates,  in  number  from  six  to  sixteen  in  the 
space  of  a  line,  which,  in  a  longitudinal  section,  are  seen  to  pass 
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inwards  and  downwards  along  the  inner  face  of  the  laminse  (PI. 
XIV.,  Fig.  3a).  The  secondary  septa  usually  extend  inwards  for 
fuUy  the  half-length  of  the  primary.  They  are  united  by  inter- 
septal  dissepiments,  which  are  few  in  number  near  the  inner 
margins  of  the  primary  septa,  and  mom  or  less  numerous  in  the 
external  area.  The  walls  of  the  septa,  the  interseptal  tissue,  and 
the  endothecal  structure  consist  of  two  layers — the  inner  dense 
and  granular,  the  outer  also  granular,  but  much  less  dense.  The 
fossula  is  variable  in  size  in  the  different  varieties,  but  usually 
well  marked. 

The  longitudinal  section  (PI.  XIV.,  Fig.  3)  is  triareal.  The 
central  area  is  tubular,  and  composed  of  thin  discontinuous  vertical 
columellarian  laminae,  and  each  of  these  laminae  is  united  by 
concave  tabulse,  while  the  outer  margin  is  composed  of  convex 
cellular  tissue,  convexity  pointing  outwards  and  upwards,  and 
forming  the  wall  of  the  tubular  columella.  The  intermediate 
(**  interlocular ")  area  is  occupied  by  convex  tabulae,  convexity 
upwards,  and  unite  the  inner  ends  of  the  primary  septa.  The 
outer  ("interseptal")  area  is  occupied  by  more  or  less  convex 
cellular  tissue,  convexity  upwards  and  inwards,  and  arranged  in 
oblique  rows. 

This  genus  has  been  known  to  me  for  upwards  of  twenty-four 
years.  They  form  so  natural  and  so  well-marked  a  gi'oup  that 
their  identification  can  at  all  times  be  easily  I'ecognized,  even  with 
the  most  cursory  knowledge  of  the  corals  of  the  carboniferous 
system ;  but  I  have  delayed  publishing  the  results  of  my  own 
observations  until  I  had  procured  all  the  evidence  that  my  time 
would  admit  of.  Before,  however,  I  finally  decided  to  place  the 
results  of  my  investigations  on  record,  I  went  to  Paris  and 
examined  the  type  specimens  of  M.  Edwards  and  J.  Haime,  and 
also  examined  the  specimens  referred  to  by  these  authors  that 
are  in  the  Museums  of  London  and  Bristol ;  also  the  collection 
in  the  Dublin  Museum,  and  all  tlie  piivate  collections  that  I  had 
access  to ;  and  had  the  advantage  of  the  examination  of  three 
collections  from  different  parts  in  the  three  kingdoms  that  have 
been  sent  to  me  for  the  purpose  of  identification  and  naming; 
and  have  thus  some  little  confidence  in  approiiching  the  (k^tinition 
of  the  group.  I  am  well  aware  that  in  this,  as  in  all  the  other 
groups  of  coralline  remains,  there  are  difiiculties  that  present 
themselves  in  their  identification,  arising  from  the  near  afiinities  of 
the  extreme  forms  to  their  nearest  ally ;  and  also  from  the  fact 
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that  M*Coy,  in  his  work  on  Palseozoic  Fossils,  1851,  asserts  that 
one  of  the  species  of  the  group  did  belong  to  the  genus  Clisiophyllum 
— a  statement  which  I  hope  I  have  shown  to  be  untenable  when 
reviewing  the  latter  genus.  I  was  further  induced  to  delay  in  con- 
sequence of  M.  Edwards  and  J.  Haime  having  established  the 
genus  Aulophi/lhcm  for  another  variety.  Their  type  specimen  is 
in  the  Bristol  Museum,  but  from  the  fact  that  this  specimen  is 
uncut,  and  therefore  could  not  be  identified  with  any  d^ree  of 
cei*tainty  from  the  examination  I  gave  it,  and  from  the  definitions 
by  these  authors  in  the  Trans,  of  the  Paleeon.  Soc,  1850-4,  I  am 
persuaded  that  the  original  coral  figured  by  the  Rev.  D.  TJre,  in 
the  "  History  of  Rutherglen  and  East  Kilbride,"  has  no  generic 
relation  to  the  genus  Aidophyllum, 

As  regards  the  relationships  of  the  genus,  Cyclophyllum  may  be 
said  to  be  distinguished  by  characters  of  an  unusually  pronounced 
natui-e.  In  some  of  the  passage  forms  (PI.  XIV.,  Fig.  6),  it  is, 
in  one  respect,  nearly  allied  to  the  genus  RhodophyUum  (PI. 
XIV.,  Fig  12),  in  the  arrangement  of  the  lamellte  in  the  centre  of 
the  visceral  chamber,  but  it  is  distinctly  separated  from  that  genus 
by  the  possession  of  the  depression  in  the  crown  of  the  columella 
presenting  the  aspect  of  a  double  cup ;  and  the  columella  is  always 
sepai-ated  from  the  inner  ends  of  the  primary  septa  by  a  system  of 
curved  plates,  which  curve  and  fold  round  and  form  the  wall  of  the 
columella.  In  Rhodoph yllum  the  crown  of  the  columellarian  area 
is  dome-shaped,  and  formed  by  a  system  of  sub-convolute  lamellae, 
which  fold  round  an  imaginary  axis  in  the  centi'e  of  the  visceral 
chamber,  and  the  lamellae  arising  from  the  inner  ends  of  the  primary 
septa  (PI.  XIV.,  Fig.  10),  have  a  near  affinity  to  the  genus 
Cymateopkyllum  (Thomson,  PI.  XIV.,  Fig.  16).  These  are,  how- 
ever, separated  from  the  latter  by  the  possession  of  the  depression 
in  the  crown  of  the  columella  and  the  wall  that  forms  its  periphery. 
In  Fig.  10  the  wall  is  less  dense.  The  central  area  is,  however, 
separated  from  the  inner  ends  of  the  septa,  but  is  not  so  pronounced 
as  in  all  the  other  species,  and  so  may  be  regarded  as  the  passage 
forms  of  the  genus.* 


*  For  a  detailed  account  of  the  histiological  observations  regarding  the 
definitions  of  these  different  authors  that  have  referred  to  the  group  I  beg 
to  refer  to  my  paper,  pubhshed  in  the  Proceedings  of  the  Society  for 
1882. 
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C ifclophyllnm  pachyendoth^c um.    ( Thomson. ) 

Plate  XIV.,  Fig.  1. 

Specific  Characters, — Coralliim  simple,  stout,  moderately  tall, 
conical,  and  curved.  The  epitheca  is  thin.  The  exterior  margin 
of  the  septa  is  visible  from  without  through  the  thin  epithecal 
covering.  The  calice  is  shallow  and  circular,  and  in  its  centre  the 
cup  is  shallow  and  broad.  The  septa  are  stout,  and  lamellar  for 
four-fifths  of  their  length  from  their  inner  ends,  and  there  are 
nine  interlamellar  plates  in  the  space  of  a  line,  which  are  the  cut 
ends  of  the  interlamellar  striae,  which  converge  inwards  and  down- 
wards. The  septa  are  thin  towards  the  periphery.  There  are 
seventy-six  primary,  alternating  with  an  equal  number  of  secondary 
septa ;  the  latter  extend  inwards  from  the  periphery  for  half  the 
length  of  the  primary,  and  each  is  united  by  rectangular  inter- 
septal  dissepiments,  which  are  dense  towards  the  periphery  and 
few  in  number  in  the  intermediate  ("  interlocular ")  area.  The 
fossula  is  small,  and  a  portion  of  the  endothecal  tissue  extends 
into  it.  The  central  area  is  broad,  circular,  and  accuminate  at  the 
mouth  of  the  fossula,  and  is  six  lines  broad.  The  endothecal  wall 
is  stout.  The  septa  are  minute  and  dense  around  the  periphery. 
They  extend  inwards  for  a  line,  they  then  coalesce  and  become 
fasciculate,  and  the  central  septum  of  each  fascicle  extends  in 
towards  the  central  area.  They  then  unite,  and  form  a  reticulate 
cellular  tissue  in  the  centre  of  the  central  area.  The  endotheca  is 
united  to  the  inner  ends  of  the  primary  septa  by  the  intervention 
of  a  system  of  angular  plates.  The  fossula  is  moderately  large, 
and  two  of  the  primary  septa,  of  shorter  length  than  the  others, 
extend  into  it. 

Height  of  corallum,  2i  inches ;  diameter  of  section,  1  inch  4 
lines. 

Formation. — Lower  carboniferous. 

Locality, — Found  at  Brockley,  Lesmahagow,  Lanarkshire. 

Cyclophyllum  fungites.  (Ure.) 

Plate  XIV.,  Fig.  2. 

The  structural  details  of  the  central  area  of  this  species  differ 
so  widely  from  the  preceding  that  it  is  almost  unnecessary  to  do 
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more  then  refer  to  the  impression  of  the  plate.  Tiiis  is  a  facsimile 
of  a  transverse  section  of  the  original  specimen  figured  hj  the 
Rev.  David  Ui-e  in  his  "  History  of  Rutherglen  and  East  Kilbride," 
1793.  I  have  an  extensive  series  of  intermediate  forms,  which 
clearly  show  the  minute  variation  of  the  intervening  species. 
Space  will  not  admit  of  their  introduction  into  this  communication. 
A  number  of  the  varieties  may  be  seen  in  my  paper  in  the  Society's 
Proceedings,  1882.  There  are  at  least  twelve  intervening  s|)ecies 
between  the  preceding  and  this  species. 
Formation, — Lower  carboniferous. 

Locality, — Believed  to  be  found  in  the  farm  of  Shields,  Blast 
Kilbride,  Lanarkshire. 

Plate  XIV.,  Fig.  3,  is  an  impression  of  a  longitudinal  section  of 
a  coralluin.  The  section  is  cut  down  the  central  axis,  to  show  the 
structural  details  of  an  entire  coi-allum  and  the  cup-shaped  crown 
of  the  tubular  columella. 

Cyclophylhriu  concentricnm,  (Thomson.) 
Plate  XIV.,  Fig.  4. 

This  species  is  distinguished  by  the  septa  of  the  columellarian 
area  being  fewer  in  number,  and  they  are  more  or  less  sinuous 
and  converge  to  the  centre  of  the  central  area,  and  in  this  respect 
indicate  a  divergence  from  the  type  or  central  species,  and  its 
mergence  to  the  genus  Cymateophylluin.  It  is,  however,  separated 
from  the  latter  by  the  deep  groove  around  the  columellarian  ai^ea, 
and  also  by  the  possession  of  a  distinct  wall,  which  forms  the 
outer  boundary  of  the  tubular  columella. 

Formation, — Lower  carboniferous. 

Locality. — Found  at  Ganiesliill,  Dunlop,  Ayrshire. 

C yclophyllum  curvilineare.  (Thomson.) 

Plate  XIV.,  Fig.  6. 

This  remarkable  species  is  distinguished  from  all  the  other 
species  by  characters  of  an  unusually  distinct  kind.  The  septa  in 
the  columellarian  area  are  abortive,  and  may  be  regarded  as  a 
form  between  the  genus  Cyclophyllum  and  the  genus  RhodopliyUiun 
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(PL  XIV.,  Fig.  1 2).  The  septa  have  all  the  characteristics  of  Ci/clo- 
phyUuniy  as  it  is  only  fi*om  the  structural  character  of  the  central 
area  that  we  can  define  either  genei*a  or  species ;  and,  while  there 
is  a  near  affinity  in  the  curviline  character  of  the  endothecal  tissue 
to  the  sub-convolute  lamella  in  Rhodophyllum,  yet  they  are  separated 
by  characters  of  a  fundamental  nature.  In  Rhodophyllum  the 
lamellse  are  more  or  less  united  to  the  inner  ends  of  the  primary  septa, 
and  they  curve  round  an  imaginary  axis  and  are  united  by  scarce 
endothecal  tissue,  and  there  is  no  wall  around  the  columellarian  area. 
While  in  Cychphyllum  there  is  a  more  or  less  broad  groove  around 
the  columella,  there  is  always  an  endotheca  formed  of  convex 
cells,  and  united  to  the  inner  ends  of  the  primary  septa  by  the 
intervention  of  a  system  of  plates,  and  there  is  always  a  cycle  of 
septa,  more  or  less  dense,  around  the  inner  margin  of  the  mural 
covering.  These  converge  into  the  centre  of  the  central  area,  and 
present  a  more  or  less  reticulate  structure,  and  I  believe  upon  the 
whole  the  structural  characters  of  this  species  have  closer  affinities 
to  the  latter,  and  therefore  must  be  placed  in  that  genus.  This 
species  also  indicates  a  relationship  to  the  genus  Aulophyllum  by 
the  open  space  in  the  centre  of  the  central  area,  and  thus  indicates 
its  divergence  in  opposite  directions. 
Formation, — Lower  carboniferous. 

Locality, — Found  at  Petershill  Quarry,  Bathgate,  Linlithgow- 
shire. 

Cyclophylluiii  paradox'mim.  (Thomson.) 

Plate  XIV.,  Fig.  10. 

This  species  differs  from  all  the  other  species  of  the  genus  by 
the  form  and  arrangement  of  the  septa  in  the  columellarian  area. 
In  this  respect  it  approximates  so  near  to  the  structural  details  of 
Cymateophyllum  concentricum  on  the  one  hand,  and  to  the  genus 
Clisiophyllnm  on  the  other,  that  for  a  number  of  years  I  hesi- 
tated as  to  what  genus  it  really  did  belong.  When,  however,  I  was 
carefully  examining  the  structural  details  of  the  genus  Cyclophyl- 
lum,  1  was  induced  to  regard  it  as  an  intermediate  and  doubtful 
species,  and,  while  it  indicates  a  strongly-pronounced  divergent 
character,  yet,  in  the  possession  of  a  rudimentary  wall  around  the 
columellarian  area,  it  may  be  regarded  as  a  variety  of  the  latter, 
but  whose  relationship  is  remote  from  the  central  type,  and  there- 
fore indicate  that  its  trimorphic  character  is  of  a  marked  nature. 
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table,  and  a  copy  has  been  sent  to  each  Member  of  the  Society.  The 
Council  is  confident  that  a  perusal  of  these  Reports  will  show  that,  both  in 
the  accumulation  of  facts  and  in  the  expression  of  competent  opinion,  a 
valuable  contribution  has  been  made  to  this  department  of  practical  science." 

7.  The  Secretary  read  Keports  from  the  various  Sections  of  the 
work  done  during  the  Session,  and  these  Reports  were  adopted, 
and  ordered  to  be  printed  in  the  Proceedings  of  the  Society. 

(Signed)       WILLIAM  WALLACK 


1st  Noveniber^  18S2, 

The  Philosophical  Society  of  Glasgow  held  its  first  Meeting  for 
Session  1882-3,  on  the  evening  of  Ist  November,  1882,  at  eight 
o'clock  p.m.,  in  the  Rooms  of  the  Society,  207  Bath  Street — 
Dr.  William  Wallace,  President,  in  the  Chair. 

1.  The  Minutes  of  last  Meeting  of  the  Society,  having  been 
piinted  in  the  notice  calling  this  Meeting,  were  held  as  read,  and 
were  approved  of,  and  signed  by  the  Chairman. 

2.  The  following  were  proposed  for  election  as  Members  of  the 
Society,  viz. : — 

Mr.  John  D.  Young,  Manager,  Scottish  Boiler  Insurance  Com- 
pany, 162  Buchanan  Street.  Recommended  by  Mr.  James 
Paton,  F.L.S.,  Mr.  Hazelton  R.  Robson,  and  Mr.  William  Hodge. 

Mr.  James  J.  MacLehose,  Bookseller,  61  St.  Vincent  Street. 
Recommended  by  Dr.  A.  B.  M'Grigor,  Mr.  Thomas  Muir,  M.A., 
F.RS.E.,  and  Professor  M^Kendrick. 

Dr.  William  L.  Reid,  7  Royal  Crescent,  West.  Recommended 
by  Dr.  J ohn  Bums,  Dr.  Andrew  Fergus,  and  Dr.  J ames  Finlayson. 

Mr.  W.  R.  M.  Church,  C.A.,  45  West  Nile  Street.  Recom- 
mended  by  Dr.  Andrew  Fergus,  Mr.  J.  Cleland  Bums,  and 
Dr.  J.  Christie. 

Mr.  Charles  T.  Grant,  Gas  Coal  Merchant,  160  Hope  Street 
Recommended  by  Dr.  William  Wallace,  President,  Dr.  John 
Clark,  and  Mr.  John  Jex  Long. 

Mr.  Alfred  R.  Bennett,  Member  of  the  Society  of  Telegraph 
Engineers  and  of  Electricians,  134  Douglas  Street.  Recom- 
mended by  Dr.  William  Wallace,  President,  Mr.  Thomas  Muir, 
M.A.,  F.KS.K,  and  Professor  M^Kendrick. 
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Mr.  Samuel  MacCall,  16  Hillsborough  Square,  Ann  Street. 
Recommended  by  Mr.  George  Munsie,  Dr.  Thomas  Beid,  and 
Dr.  Andrew  Fergus. 

Mr.  Frederick  J.  Rowan,  C.E.,  134  St.  Vincent  Street.  Recom- 
mended by  Dr.  Andrew  Fergus,  Professor  M*Kendrick,  and 
Mr.  Hazelton  R  Robson. 

Mr.  Duncan  M*Naughton,  Architect,  91  Hamilton  Drive,  Hill- 
head.  Recommended  by  Mr.  James  Sellars,  Jan.,  I. A,  Mr. 
Hazleton  R.  Robson,  and  Professor  M*Kendrick. 

Mr.  Graham  James  M'Farlane,  Manufacturing  Chemist, 
Biltrees,  Elderslie.  Recommended  by  Dr.  Wallace,  President, 
Dr.  John  Clark,  and  Mr.  John  Tatlock,  F.I.C. 

3.  The  President  (Dr.  Wallace)  delivered  an  Address,  illus- 
trated by  numerous  experiments,  on  "  Chemical  Afl^ty."  On 
the  motion  of  Mr.  Michael  Connal,  V.P.,  Dr.  Wallace  was 
accorded  a  very  hearty  vote  of  thanks. 

4.  On  the  motion  of  the  President,  Mr.  Archibald  Hewat, 
F.F.A,  F.S.S.,  and  Mr.  Robert  Cochran  were  appointed  Auditors 
of  the  Treasurer's  Accounts  for  the  past  year. 

(Signed)  WILLIAM  WALLACE. 


loth  November,  1882. 

The  Eighty-first  Annual  General  Meeting  of  the  Philosophical 
Society  of  Glasgow,  for  the  Election  of  Office-bearers  and  other 
business,  was  held  on  the  15th  day  of  November,  1882,  at  eight 
o'clock  p.m.,  in  the  Rooms  of  the  Society,  207  Bath  Street — Dr. 
William  Wallace,  President,  in  the  Chair. 

1.  The  Minutes  of  the  last  Meeting  of  the  Society,  having  been 
printed  in  the  notice  calling  this  Meeting,  were  held  as  read,  and 
were  confirmed  and  signed  by  the  Chairman. 

2.  The  following  were  proposed  as  Members: — 

.  Mr.  J.  M.  Robertson,  M.A.  (Oxon.),  Dentist,  6  Cathedral  Street. 
Recommended  by  Professor  M*Kendrick,  Dr.  Fergus,  and  Mr.  H. 
R.  Robson. 
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Mr.  Edward  Gillespie,  Cashier,  Cambuslang.  Hecommended  by 
Dr.  Muirhead,  Professor  M'Kendrick,  and  Mr.  H.  R  Robson. 

Mr.  George  H.  Laird,  Wright,  137  Greenhead  Street.  Recom- 
mended by  Mr.  Greorge  Laird,  Mr.  John  Mann,  and  Professor 
M*Kendrick. 

Dr.  James  Whitson,  13  Somerset  Place.  Recommended  by  Mr. 
John  Kii-sop,  Mr.  Archibald  Robertson,  and  Mr.  John  Mann. 

Mr.  Thomas  Miller,  Modeller  and  Plasterer,  138  Wellington 
Street.  Recommended  by  Mr.  A.  Lindsay  Miller,  Mr.  John  Mann, 
and  Mr.  T.  L.  Watson. 

Mr.  James  A.  Paterson,  51  Apsley  Place.  Recommended  by 
Mr.  Stuart  Manford,  Mr.  Peter  W.  Dixon,  and  Mr.  David  Edward. 

3.  Professor  M^Kendrick,  Secretary,  read  the  Annual  Report 
by  the  Council  on  the  state  of  the  Society,  which  was,  on  the 
motion  of  Mr.  W.  R.  W.  Smith,  seconded  by  Mr.  Archibald 
Robertson,  adopted,  and  ordered  to  be  printed  in  the  Proceedings, 
The  Report  was  as  follows : — 

Report  on  the  State  of  the  Society  by  the  Council  for 
THE  Session  1881-82. 

I.  Membership, — The  number  of  Members  on  the  Roll  at  the  beginning 
of  Session  1881-82  was  670;  during  the  Session  47  were  added,  1  was 
reinstated  from  the  Suspense  List,  making  718  in  all.  Of  this  number  24 
liave  resigned,  4  have  left  Glasgow — their  names  being  placed  on  the 
Suspense  List,  1 1  have  died,  and  3  have  been  struck  off  the  Roll  for  non- 
payment of  annual  subscriptions ;  leaving  on  the  Roll  at  the  beginning  of 
the  present  Session,  G7G  Members,  being  an  increase  of  6.  Of  the  47  new 
entrants,  7  became  Life  Members  ;  3  Ordinary  Members  also  paid  the 
Composition  for  Life  Membership  during  the  Session.  1  Honorary  Member, 
Dr.  Andrew  Buchanan,  has  died,  leaving  19  Honorary  Members,  consisting 
of  6  Foreign,  3  American  and  Colonial,  and  10  British.  The  Corresponding 
Members  are  4  in  number.    The  total  number  of  Life  Members  is  44. 

II.  Sectiom. — The  Meetings  of  the  Architectural  and  Chemical  Sections 
have  been  well  attended,  and  numerous  interesting  papers  have  been  read. 
Six  of  these  appear  in  the  Proceedings,  The  Section  for  Biology,  and  the 
Section  for  Sanitary  and  Social  Economy  have  communicated  important 
papers  to  the  General  Meetings  of  the  Society,  some  of  which  have  also 
appeared  in  the  Proceedings.  Reference  is  made  to  the  Reports  of  the 
Sections,  to  be  found  in  the  Proceedings,  Vol.  XIII.,  No.  2,  page  618  et  seq. 

III.  The  Proceedings.— The  printed  Proceedings  of  the  Society  for 
1881-82  contain  20  papers  and  13  plates,  forming  the  Second  Part  of  Vol. 
XIII.    The  Council  begs  strongly  to  urge  upon  the  Members  the  importance 
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of  oommunicating  to  the  Society  the  results  of  any  scientific  investigations 
on  which  they  have  been  engaged,  so  as  to  render  the  Proceedings  sub- 
stantial contributions  to  Science,  and  thus  to  maintain  the  honour  of  the 
Society.  In  addition,  the  Council  would  point  out  that  the  interest  of  the 
Meetings  of  the  Society  would  be  much  enhanced  by  the  exhibition  of  any 
specimens  of  scientific  interest,  by  experiments  of  a  novel  character,  by 
showing  newly  devised  apparatus,  and  by  the  communication  of  short 
papers,  not  necessarily  of  an  exhaustive  character,  but  marking  the 
progress  of  any  investigation. 

rV.  Buildings. — An  Abstract  of  Accounts,  showing  the  cost  of  the 
Buildings,  has  been  sent  to  the  Members  along  with  the  Billet  calling  the 
present  Meeting. 

By  Order  of  the  Council, 

(Signed)      JOHN  G.  M*KENDRICK, 
Secretary  to  Uie  Society. 

4.  The  Audited  Statement  of  Accounts  for  Session  1881-82,  by 
Mr.  J ohn  Mann,  the  Treasurer,  having  been  printed  in  the  circular 
calling  the  Meeting,  was  held  as  read,  was  approved  of,  and  was 
ordered  to  be  printed  in  the  Proceedings.  A  vote  of  thanks  to  the 
Treasurer  was  carried  unanimously. 
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Dr.  ABSTRACT  OF  TREASURER'S 

1882  — Oct  31. 

To  Eutry-money  from  47  New  Members,  at  218. ,    £49   7  0 
Annual  Dues  from  1  Member 

for  1878-79,  at  2l8.,   .  .£110 
Annual  Dues  from  3  Members 
for  1879  80.  at  218.,   .  .330 
„  Annual  Dues  from  4  Members 

for  1880-81,  at  21s.,    .  .440 
Annual  Dues  from  613  Ordinary 
Members  for  1881-82,  at  21s.,   643  13  0 
,,  Annual   Dues   from  40  New 

Members  for  1881  82,  at  2l8. ,     42  0 


,,  Life  Subscription  from  7  New 

Members,  at  £10  10s.,  .  £73  10  0 

,,  Life  Subscription  from  3  Old 

Members,  at  £10  lOs.,  .    31  10  0 


694    1  0 


105   0  0 


,,  Chemical  Section — 

2  Associates  for  1879-80,  at  5s., .  £0  10  0 

8        do.          1880-81,  at  5s.,  .  .        2  0  0 

37       do.         1881-82,  at  5s., .  9  5  0 


£848   8  0 


11  15  0 


,,  Architectural  Section — 

37  Associates'  fees  between  18th  March,  1881,  and  16th 

March,  1882,  at  Ss.,  .         .  9   5  0 

,,  Corporation  of  Glasgow,  Interest  on  **  Exhibition  Fund  " 

for  year  to  Whitsunday,  1882— less  Income  Tax,  47  18  8 

„  Proceedings^  &c.,  sold,      .  0  16  6i 

,,  Late  Botanical  Section— 

Balance  of  its  Funds,  placed  at  the  disposal  of  the 
Society  by  Mr.  John  Alexander,  Mr.  Michael 
Connal,  and  Mr.  Robert  Balloch,  the  surviving 
Members  of  the  Section,    .  .         5  18    2  ^ 


£924    1  4^ 


Glasgow,  8th  NovfmUr^  1882. — Wo,  the  Auditors  appointed  by  the 
examined  the  same,  of  which  the  above  is  an  Abstract,  and  nave  found  them 
Limited,  Seventy  Pounds,  and  in  Treasurer's  hands  Two  Pounds  Twelve 
Memo,  by  Treasurer. — The  Amount  of  the  Society's  Funds  invested  in 
the  Bath  Street  Joint  Buildings  up  to  31st  October,  1882,  is  £3,500  Is.  lid., 
of  which.  Paid  in  Cash  from  Society's  Funds,    £1,500    1  11 
Do.      do.    from  Private  Loans,     .     500   0  0 
Do.   from  Society's  half  of  £3,000 

Bond  over  Buildings,    .       .  1,500  0  0 

 £3,500    1  11 


J.  M. 
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ACCOUNT— SESSION  1881-82.  Cr. 

1881.  — Nov.  1^ 

By  Balance  duo  Treasurer  from  last  Session,  £109   9  11 

1882.  — Oct.  31. 

By  Salary  to  Secretary,  .   £75   0  0 

„  Allowance  for  Treasurer's  Clerks,  .  15   0  0 

Demonstrations  at  Lectures,  3   6  4 


„  New   Books,    Periodicals,    and  Foreign 

Periodicals,  .  .  £112    1  11 

„  Printing  Circulars,  Proceedings^  &c.,         .    153   0  0 
Lithographs  for  ProceedingSfkc,  £31  lis.  6d. ; 
Woodcuts,  £5  lOs.,         .         .         .     37   4  6 
,,  Postage  and  delivery  of  Circulars,  Letters, 

and  Parcels,  .     34  10  1 

Stationery,  .  .866 


£345   3  0 

Less,  Contributions  by  Authors  to  cost  of 
Illustrations,       ...  .040 


Fire  Insurance  on  Library  for  £5,400, 
„  Postages,  &c.— per  Treasurer,  £1  lis.  7id. 
per  Secretary,  £6  2s.  lOd., 

Sundries  in  Library, 
,,  Interest  on  Loans,  . 


£5  18  0 

7  14  5i 

0  17  5 

25  0  0 


Subscriptions  to  Societies — 
Rav  Society,  1882,  .£110 
Paheontographical  Society,  1882,  1    1  0 


93   6  4 


344  19  0 


39   9  lOi 


2   2  0 
,,  Chemical  Section — 

Expenses  per  Treasurer  of  Section,  6  15  3 

„  AUCHITKCTURAL  SECTION — 

Expenses  per  Treasurer  of  Section,      .  3   2  11 

„  Bath  Street  Joint  Buildings— 

Society's  half  of  Balance  of  Accounts,  .  .       145  111 

„  Joint  Expenses  of  Kooms— 

Society's  half  of  Interest  on  Bond,  Taxes,  Cleaning, 
Lishtin^,  and  Heating,  Salaries  of  Sub-Librarian 
and  Assistant — less  hau  of  Revenue  from  Letting,         107   2  1 
„  Clydesdale  Bank,  limited,  Lodged,  70   0  0 

,,  Bsdance  in  Treasurer's  hands,      .  2  12  1 


£924    1  4^ 


Society  to  examine  the  Treasurer's  Accounts,  for  the  year  1881-82,  have 
correct,  the  Balances  at  3lBt  October  last  being — in  Clydesdale  Bank, 
Shillings  and  One  Penny.  . 

(Signed)      ARCH.  HEW  AT. 

ROBERT  COCHRAN. 
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5.  Mr.  John  Robertson,  Librarian,  and  Convener  of  the  Library 
Committee,  read  the  Annual  Report  on  the  Library,  which  was 
adopted,  and  ordered  to  be  printed  in  the  Proceedings,  The 
Report  was  as  follows : — 

Report  of  the  Library  Committee. 

Your  Committee  have  to  report  that  hooka  were  issued  during  the  past 
year  to  826  members.  Coosiderable  advantage  was  taken  of  the  Library 
for  the  purposes  of  reference  and  consulation. 

Since  last  Report  196  volumes,  46  parts  of  works,  and  14  pamphlets  have 
been  added  to  the  Library.  Of  the  periodicals  received  22  are  weekly,  of 
which  18  are  bought  and  4  presented  ;  3  are  fortnightly,  of  which  2  are 
bought  and  1  presented ;  38  are  monthly,  of  which  28  are  bought  and  10 
presented  ;  and  21  are  quarterly,  of  which  15  are  bought  and  6  presented. 
These  form  128  volumes  a  year. 

Exchanges  of  Transactions  and  other  Publications  are  made  with  121 
Societies  and  Public  Departments.  Correspondence  has  been  opened  up 
with  the  Insurance  and  Actuarial  Society  of  Glasgow  and  the  Ohio 
Mechanics'  Institute. 

For  financial  reasons  fewer  books  than  formerly  have  been  bought  during 
the  past  year.  131  volumes  were  added  to  the  Library  by  purchase ;  65 
volumes,  46  parts,  and  14  pamphlets  were  presented,  and  the  thanks  of  the 
Society  are  due  to  the  donors.  Acknowledgment  of  these  will  be  found 
in  the  Proceedings^  where  a  complete  list  of  the  additions  for  the  year, 
and  of  the  names  of  the  Societies  and  PubUc  Departments  with  which 
publications  are  exchanged,  has  been  printed. 

176  volumes  have  been  bound  and  27  are  in  the  hands  of  the  binder. 

The  new  Catalogue  has  been  printed  and  awaits  binding.  It  will  be 
ready  for  the  use  of  members  immediately. 

(Signed)      JOHN  ROBERTSON, 
Convener. 

A  special  vote  of  thanks,  on  the  motion  of  Mr.  Archibald 
Robertson,  seconded  by  Mr.  Thomas  Muir,  was  unanimously  given 
to  the  Librarian  for  the  great  labour  he  has  expended  on  the 
Library,  more  especially  in  the  preparation  of  the  Catalogue. 

6.  The  Society  then  proceeded  to  the  election  of  Office-bearers. 

(1)  Mr.  Thomas  Muii*,  the  Vice-President,  retiring  by  rotation, 
proposed  for  the  office  of  Vice-President  James  B.  RusaeW,  "B.A., 
M.D.    This  was  seconded  by  Mr.  W.  R.  W.  Smith,  «cA 
carried  with  acclamation. 
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(2)  On  the  motion  of  the  President,  Mr.  John  Robertson, 
Librarian,  Mr.  John  Mann,  Treasurer,  and  Professor  M*Kendrick, 
Secretary,  were  unanimously  re-elected  to  their  respective  offices 
for  the  present  year. 

(3)  The  President  stated  that  five  new  Members  of  Council 
were  required  in  room  of  Mr.  John  Jex  Long,  Dr.  Eben.  Watson, 
Mr.  James  Brownlie,  and  Mr.  William  Foulis,  C.E.,  who  retire  by 
rotation,  and  of  Mr.  James  Thomson,  who  had  been  elected 
President  of  the  Biological  Section. 

It  was  moved  by  Mr.  J.  Jex  Long,  and  seconded  by  Mr. 
Alexander  Scott,  that  Mr.  Archibald  Robertson,  Mr.  Archibald 
Hewat,  and  Dr.  James  Morton  be  elected  Members  of  Council 
Mr.  Alexander  Scott  moved,  aud  Mr.  J ames  Thomson  seconded, 
Dr.  James  Stirton  as  a  Member  of  Council.  Mr.  D.  M.  Nelson 
proposed,  and  Mr.  W.  R  W.  Smith  seconded.  Dr.  Henry  Muirhead 
as  a  Member  of  Council. 

The  Society  then  balloted  for  five  Members  of  Council,  Mr.  John 
Mayer,  F.C.S.,  and  Mr.  John  Jex  Long  having  been  appointed 
scrutineers.  The  scrutineers  reported  that  the  following  had  the 
greatest  number  of  votes  : — Dr.  Henry  Muirhead,  45 ;  Dr.  Thomas 
Muir,  44;  Dr.  Morton,  42;  Dr.  Stirton,  40;  and  Mr.  Archibald 
Robertson,  37.  These  gentlemen  were  therefore  declared  by  the 
Chairman  to  have  been  duly  elected  Members  of  Council — Mr. 
Archibald  Robertson  being  in  the  place  of  Mr.  James  Thomson, 
F.G.S.,  who  had  become  President  of  the  Biological  Section. 

7.  Dr.  John  Dougall  read  a  paper  on  "  Milk  and  Milk  Pollution," 
forwarded  from  the  Sanitary  Section.  After  an  interesting  dis- 
cussion, Dr.  Dougall  was  awarded  a  vote  of  thanks. 

8.  Dr.  Wallace  read  a  paper  on  "  Insensibility  Arising  from  a 
Diminished  Quantity  of  Oxygen  in  the  Air,"  which  he  illustrated 
by  an  experiment  showing  the  great  absorption  of  oxygen  by  a 
"  rusting  "  composition  used  in  the  construction  of  cylinders  often 
employed  in  the  building  of  bridges.  Dr.  Wallace  was  awarded  a 
vote  of  thanks  for  his  important  communication. 


(Signed)       WILLIAM  WALLACE. 
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29th  November,  1882. 

The  Second  General  Meeting  of  the  Philosophical  Society  of 
Glasgow  for  Session  1882-83  was  held  on  the  29th  day  of  November, 
1882,  at  eight  o'clock  p.m.,  in  the  Rooms  of  the  Society,  207  Bath 
Street — Dr.  William  Wallace,  PresicTent,  in  the  Chair. 

1.  The  Minutes  of  the  last  Meeting  of  the  Society,  having  been 
printed  in  the  notice  calling  this  Meeting,  were  held  as  read,  and 
were  confirmed  and  signed  by  the  Chairman. 

2.  The  following  were  admitted  Members  of  the  Society  : — 

Mr.  John  D.  Young;  Mr.  James  J.  MacLehose,  M.A.;  William 
L.  Reid,  M.D.;  Mr.  W.  R.  M.  Church;  Mr.  Charles  T.  Grant; 
Mr.  Alfred  R  Bennett ;  Mr.  Samuel  MacCall ;  Mr.  Frederick  J. 
Rowan ;  Mr.  Duncan  M'Naughton ;  Mr.  Graham  James  M'Far- 
lane. 

3.  The  following  were  proposed  as  Members : — 

Mr.  W.  N.  Baronsfeather,  7  Berlin  Terrace,  Pollokshields. 
Recommended  by  Mr.  H.  D.  GiDies,  Mr.  Archibald  Robertson, 
and  Mr.  John  Mann. 

Mr.  Thomas  Ferguson,  Boilermaker,  Parkhead.  Recommended 
by  Mr.  J.  S.  MacGill,  Mr.  David  Maclure,  and  Mr.  John  Mann. 

Mr.  Alexander  Muir,  Builder,  65  Eglinton  Street.  Recom- 
mended by  Mr.  T.  L.  Watson,  Mr.  David  Thomson,  and  Mr.  A. 
Lindsay  Miller. 

4r.  Sir  William  Thomson  made  a  communication  to  the  Society 
entitled  "Approximative  Photometric  Measurements  of  Sun, 
Moon,  Cloudy  Sky,  Electric,  and  other  Artificial  Lights,"  for 
which  he  received  the  thanks  of  the  Society. 

5.  The  President  announced  that  the  following  gentlemen  had 
been  duly  elected  by  ballot  as  Members  of  the  Society  : — 

Mr.  John  M.  Robertson,  M.A.  (Oxon.),  Mr.  Edward  Gillespie, 
Mr.  George  H.  Laird,  Dr.  James  Whitson,  Mr.  Thomas  Miller, 
and  Mr.  James  A.  Paterson. 


(Signed)      MICHAEL  CONNAL. 
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6th  December,  1882, 

A  Special  Meeting  of  the  Society  was  held  in  the  Rooms  of  the 
Society,  on  Wednesday,  the  6th  of  December,  1882,  at  eight 
o'clock  p.m.  (Dr.  Wallace  in  the  Chair),  when  Dr.  Eben.  Duncan 
read  a  paper  "On  the  Clauses  in  the  Draft  Glasgow  Police  Bill  which 
have  reference  to  the  Prevention  and  Mitigation  of  Disease." 
After  some  discussion,  in  which  Professor  Gairdner,  Dr.  Russell, 
and  Mr.  Alexander  Scott  took  part,  the  following  motion  was 
moved  by  Professor  M*Kendrick,  and  seconded  by  Mr.  John 
Mayer,  "  That  Dr.  Duncan's  jPaper  be  printed,  and  a  copy  of 
it  sent  to  each  Member  of  the  Society  and  to  Members  of  the 
Town  Council ;  that  the  discussion  be  adjourned  to  a  special 
Meeting  to  be  held  on  Wednesday,  20th  December,  and  that 
suitable  arrangements  be  made  for  reporting  the  discussion  on 
that  occasion."  The  motion  was  carried,  and,  on  the  suggestion 
of  the  President,  it  was  agreed  to  invite  the  Members  of  the 
Town  Council  to  the  Meeting  on  20th  December. 

(Signed)       WILLIAM  WALLACE. 


ISth  December,  1883. 

The  Tliird  Ordinary  Meeting  of  the  Philosophical  Society  of 
Glasgow  for  Session  1882-83  was  held  on  the  13th  day  of  December, 
at  eight  o'clock  p.m.,  in  the  Rooms  of  the  Society,  207  Bath  Street 
— Mr.  Michael  Connal,  Vice-President,  in  the  Chair. 

1.  The  Minutes  of  the  last  Meeting  of  the  Society,  having  been 
printed  in  the  notice  calling  this  Meeting,  were  held  as  read,  and 
were  confirmed  and  signed  by  the  Chairman. 

2.  The  following  were  admitted  Members  of  the  Society : — 

Mr.  J.  A.  Robertson,  M.A.  (Oxon.),  Dentist,  6  Cathedral  Street; 
Mr.  Edward  Gillespie,  Cashier,  Cambuslang;  Mr.  George  H.  Laird, 
Wright,  137  Greenhead  Street;  Dr.  James  Whitson,  13  Somerset 
Place;  Mr.  Thomas  Miller,  Modeller  and  Plasterer,  138  Wellington 
Street;  and  Mr.  James  A.  Paterson,  51  Apaley  Place. 
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3.  The  following  were  proposed  as  Members : — 

Mr.  "William  Salvador  Curphey,  1  Albany  Place.  Recommended 
by  Professor  W.  Dittmar,  Mr.  C.  A.  Fawsett,  and  Professor  J. 
Blyth. 

Mr.  John  Knox,  Coke  Manufacturer,  25  Bath  Street.  Recom- 
mended by  Mr.  W.  R  Hutton,  Dr.  Wallace,  and  Mr.  John  Mayer. 

Mr.  David  Terrace,  Gas  Manager,  Dawsholm  Gkus-works,  Mary- 
hilL  Recommended  by  Dr.  Wallace,  Mr.  William  Foulis,  and 
Mr.  John  Clark. 

Mr.  William  Thomson,  Brushmaker,  75  Stockwell  Street. 
Recommended  by  Mr.  Wallace  Fairweather,  C.E.,  Mr.  Archibald 
Robertson,  and  Professor  M'Kendrick. 

Mr.  K  M.  Dixon,  B.Sc,  read  a  paper,  prepared  by  himself  and 
Mr.  David  Sandeman,  entitled  **  The  Relation  of  the  School  to  the 
Workshop."  After  some  remarks  by  Mr.  Sandeman,  a  discussion 
took  place,  and,  on  the  motion  of  the  Chairman,  a  cordial  vote  of 
thanks  was  given  to  the  authors  of  the  paper. 

5.  The  Chairman  announced  that  the  following  gentlemen  had 
been  duly  elected  by  ballot  to  the  Membership  of  the  Society : — 

Mr.  W.  N.  Baronsfeather,  7  Berlin  Ten-ace,  Pollokshields;  Mr. 
Thomas  Ferguson,  Boilermaker,  Parkhead ;  and  Mr.  Alexander 
Muir,  Builder,  63  Eglinton  Street. 

(Signed)       WILLIAM  WALLACE. 


17th  January,  1883. 

The  Fourth  Ordinary  Meeting  of  the  Philosophical  Society  <Jf 
Glasgow  for  Session  1882-3  was  held  on  the  evening  of  17th 
January,  at  eight  o'clock,  in  the  Rooms  of  the  Society,  207  Bath 
Street — Dr.  Wallace,  President,  in  the  Chair. 

1.  The  Minutes  of  the  last  Meeting  of  the  Society,  having  been 
printed  in  the  notice  calling  this  Meeting,  were  held  as  read,  and 
were  confirmed  and  signed  by  the  Chairman. 

2.  The  following  were  admitted  Members  of  the  Society  : — 
Mr.  W.  N.  Baronsfeather,  7  Berlin  Terrace,  PoUokshields ;  Mr. 

Thomas  Ferguson,  Boilermaker,  Parkhead;  and  Mr.  Alexander 
Muir,  Builder,  65  Eglinton  Street. 
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3.  The  following  were  proposed  as  Members  : — 

Mr.  Peter  Gibb,  Meschant,  10  Granby  Terrace.  Eecommended 
by  Mr.  W.  R  W.  Smith,  Mr.  Daniel  Munro,  and  Mr.  John  Mann. 

Mr.  James  P.  M*Gillivray,  A^rtist,  112  Bath  Street.  Recom- 
mended by  Mr.  Robert  Tumbull,  I.A.,  Mr.  A.  Lindsay  Miller, 
and  Mr.  T.  L.  Watson,  I.A. 

Mr.  James  A.  Morrice,  Manufacturing  Chemist,  Tullymet, 
Aytoun  Road,  Pollokshields.  Recommended  by  Mr.  R.  R  Tat- 
lock,  Dr.  Wallace,  and  Professor  M*Kendrick. 

Dr.  Robert  Pollock,  Tradestoh  House,  Pollokshields.  Recom- 
mended by  Dr.  James  Morton,  Dr.  M*Call  Anderson,  and  Dr. 
Eben.  Watson. 

Mr.  Rees  Price,  L.D.S.Eng.,  Dental  Surgeon,  1  Montague 
Place,  Bath  Street.  Recommended  by  Mr.  A.  Robertson,  Pro- 
fessor M*Kendrick,  and  Mr.  J.  J.  Coleman,  F.C.S. 

4.  Mr.  J.  J.  Coleman,  F.C.S.,  read  a  paper  "On  the  Preserva 
tion  of  Food  by  Cold,"  for  which  he  received  the  thanks  of  the 
Society.    The  paper  was  illustrated  by  numerous  diagrams. 

5.  Professor  M*Kendrick  exhibited  and  explained  a  simple  form 
of  Lippmann's  Electrometer,  made  by  him.  The  movements  of  the 
mercurial  column  were  projected  on  the  screen  by  a  lime  light. 

6.  The  Chairman  announced  that  the  following  gentlemen  had 
been  duly  elected  by  ballot  to  the  Membershsp  of  the  Society: — 
Mr.  William  Salvador  Curphey,  1  Albany  Place ;  Mr.  John  Knox, 
Coke  Manufacturer,  25  Bath  Street;  Mr.  David  Terrace,  Gas 
Manager,  Dawsholm  Gas-works,  Maryhill ;  and  Mr.  William 
Thomson,  Brushmaker,  75  Stockwell  Street 

(Signed)       WILLIAM  WALLACE. 


20ih  December^  1882. 

In  accordance  with  a  resolution  passed  at  a  Special  Meeting  of 
the  Society  on  6th  December,  a  second  Special  Meeting  (to  which 
Members  of  the  Town  Council  of  Glasgow  had  received  a  special 
invitation)  was  held  in  the  Rooms  of  the  Society,  on  Wednesday 
evening,  20th  December,  at  eight  p.m. — Dr.  Wallace  in  the  Chair. 
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1.  The  Minutes  of  the  Special  Meeting  on  6th  December  were 
read,  approved  of,  and  signed  by  Dr.  Wallace. 

2.  The  discussion  was  resumed  on  Dr.  Eben.  Duncan's  paper, 
entitled  "  On  the  Clauses  in  the  Draft  Glasgow  Police  Bill  which 
have  reference  to  the  Prevention  and  Mitigation  of  Disease." 

After  an  interesting  discussion,  in  which  Dr.  J.  B.  Kussell,  Dr. 
Fergus,  Preceptor  Mathieson,  Dr.  Eben.  Watson,  Dr.  Morton,  Mr. 
J.  Cleland  Bums,  Dr.  James  Christie,  Professor  M*Call  Anderson, 
Mr.  D.  M.  Nelson,  the  President,  and  Dr.  Eben.  Duncan  took 
part.  Dr.  Duncan,  on  the  motion  of  the  President,  received  a  cordial 
vote  of  thanks. 

(Signed)       WILLIAM  WALLACE. 


SUt  January,  1883. 

The  Fifth  Ordinary  Meeting  of  the  Philosophical  Society  of 
Glasgow  for  Session  1882-83  was  held  on  the  evening  of  Slst 
January,  at  eight  o'clock  p.m.,  in  the  Rooms  of  the  Society,  207 
Bath  Street — Dr.  Wallace,  President,  in  the  Chair. 

1.  The  Minutes  of  the  last  Meeting  of  the  Society,  having  been 
printed  in  the  notice  calling  this  Meeting,  were  held  as  read,  and 
were  confirmed  and  signed  by  the  Chairman. 

2.  The  following  were  admitted  Members  of  the  Society : — 

Mr.  Salvador  Curphey,  1  Albany  Place;  Mr.  John  Knox,  Coke 
Manufacturer,  25  Bath  Street ;  Mr.  David  Terrace,  Gas  Manager, 
Dawsholm  Gas-works,  Mary  hill ;  and  Mr.  William  Thomson, 
Brushmaker,  75  Stock  well  Street. 

3.  Mr.  Wallace  Fairweather,  C.E.,  read  a  paper  "  On  Struthers' 
Process  for  Pulverizing  Diamondiferous  Ore."  After  some  remarks 
by  Mr.  Struthers,  he  and  Mr.  Fairweather  were  awarded  a  vote 
of  thanks  for  the  communication. 

4.  Mr.  A.  0.  Weir,  introduced  by  Professor  M'Kendrick,  read 
a  paper  "  On  the  Physiology  of  Articulate  Speech,"  for  which  he 
received  the  thanks  of  the  Society. 
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5.  Mr.  William  Milne,  M.A.,  B.Sc,  read  a  paper  describing 
some  New  Infusoria,  for  which  he  received  the  thanks  of  the 
Society. 

6.  The  President  announced  that  the  following  gentlemen  had 
been  duly  elected  by  ballot  to  the  Membership  of  the  Society : — 

Mr.  Peter  Gibb,  Merchant,  10  Granby  Terrace;  Mr.  James  P. 
M*Gillivray,  Artist,  112  Bath  Street;  Mr.  James  A.  Morrice, 
Manufacturing  Chemist,  Tullymet,  Aytoun  Koad,  Pollokshields; 
Dr.  Bobert  Pollock,  Tradeston  House,  Pollokshields;  Mr.  Bees 
Price,  L.D.S.Eng.,  Dental  Surgeon,  1  Montague  Place,  Bath  Street 

7.  The  President  announced  that,  on  the  recommendation  of 
the  Council,  Principal  Dawson,  LL.D.,  Macgill  College,  Montreal, 
had  been  elected  to  the  vacancy  in  the  list  of  Honorary  Members. 

8.  The  President  announced  that  the  following  gentlemen,  on 
the  recommendation  of  the  Council,  had  been  elected  Corresponding 
Members  of  the  Society : — 

John  Aitken,  F.B.S.E.,  Darroch,  Falkirk;  Alexander  Buchan, 
M.  A.,  F.B.S.E.,  Secretary  to  the  Meteorological  Society  of  Scotland, 
Edinburgh;  James  Dewar,  M.A.,  F.R.S.,  L.  and  E.,  Jacksonian 
Professor  of  Chemistry  in  the  University  of  Cambridge,  and  Pro- 
fessor of  Chemistry  in  the  Royal  Institution  of  Great  Britain; 
Stevenson  Macadam,  Ph.D.,  F.R.S.E.,  Lecturer  on  Chemistry, 
Surgeon's  Hall,  Edinburgh ;  J oseph  Swan,  Newcastle  and  London ; 
E.  A.  Wunsch,  F.G.S.,  Glasgow. 

(Signed)       WILLIAM  WALLACE. 


14th  February,  1883. 

The  Sixth  Ordinary  Meeting  of  the  Philosophical  Society  of 
Glasgow  for  Session  1882-83  was  held  on  the  14th  day  of  February, 
at  eight  o'clock  p.m.,  in  the  Rooms  of  the  Society,  207  Bath  Street 
— Dr.  Wallace,  President,  in  the  Chair. 

1.  The  Minutes  of  the  last  Meeting  of  the  Society,  having  been 
printed  in  the  notice  calling  this  Meeting,  were  held  as  read,  and 
were  confirmed  and  signed  by  the  Chairman. 
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2.  The  following  were  admitted  Members  of  the  Society : — 

Mr.  Peter  Gibb,  Merchant,  10  Granby  Terrace;  Mr.  James  P. 
M'Gillivray,  Artist,  112  Bath  Street;  Mr.  James  A.  Morrice, 
Manufacturing  Chemist,  Tullymet,  Aytoun  Hoad,  PoUok&hields; 
Dr.  Robert  Pollock,  Tradeston  House,  Pollokshields ;  Mr.  Ilees 
Price,  L.D.S.Eng.,  Dental  Surgeon,  1  Montague  Place,  Bath  Street 

3.  Professor  M'Kendrick  announced  that  the  gentlemen  elected 
as  Corresponding  Members  at  last  Meeting  had  accepted  of  the 
honour,  and  had  tendered  their  thanks  to  the  Society. 

4.  Mr.  George  C.  Thomson,  Engineer,  77  Hill  Street,  Gamethill, 
was  proposed  for  the  Membership  of  the  Society  on  the  recom- 
mendation of  Mr.  John  L.  Bruce,  Mr.  David  Sturrock,  and  Mr. 
John  Mann. 

5.  Mr.  Nathaniel  Dunlop  read  a  paper  "  On  Ships,  Ancient  and 
Modem ;  with  special  reference  to  the  Applications  of  Science  in 
their  Structure  and  Outfit. "  The  paper  was  illustrated  by  numerous 
diagrams,  specimens,  pieces  of  apparatus,  and  models.  On  the 
motion  of  Professor  Jack,  a  cordial  vote  of  thanks  was  awarded  to 
Mr.  Dunlop. 

(Signed)       MICHAEL  CONNAL. 


28th  February y  1883. 

The  Seventh  Ordinary  Meeting  of  the  Philosophical  Society  of 
Glasgow  for  Session  1882-83  was  held  on  the  28th  day  of  February, 
at  eight  o'clock  p.m.,  in  the  Rooms  of  the  Society,  207  Bath  Street 
— Mr.  Michael  Connal,  Vice-President,  in  the  Chair. 

1.  The  Minutes  of  the  last  Meeting  of  the  Society,  having  been 
printed  in  the  notice  calling  this  Meeting,  were  held  as  read,  and 
were  confirmed  and  signed  by  the  Chairmau. 

2.  Professor  M*Kendrick  announced  that  Principal  Dawson, 
Macgill  College,  Montreal,  recently  elected  as  an  Honorary  Mem- 
ber, had  accepted  of  the  lionour,  and  had  tendered  his  thanks  to 
the  Society. 


Mimites  of  Sesdmi. 


53r 


3.  Mr.  Charles  J.  Clark,  on  the  introduction  of  Sir  William 
Thomson,  read  a  paper  "  On  Induction  Intensity  Coils,  Portable 
Batteries,  and  Electric  lights/'  He  showed  specimens  of  small 
and  powerful  batteries,  a  new  method  of  making  small  induction 
coils,  and  an  ingenious  apparatus  for  lighting  gas  by  electricity, 
After  remarks  by  Sir  W.  Thomson  and  others,  a  cordial  vote  of 
thanks  was  awarded  to  Mr.  Clark. 

4.  Mr.  Thomas  Gray,  B.Sc.,  on  the  introduction  of  Sir  William 
Thomson,  exhibited  and  described  "  A  new  Seismographic  Appa- 
ratus for  recording  the  time  of  occurrence  of,  and  the  horizontal 
and  vertical  motion  during,  an  Earthquake."  Mr.  Gray  was 
awarded  a  vote  of  thanks. 

5.  The  Chairman  announced  that  Mr.  Charles  C.  Thomson, 
Engineer,  77  Hill  Street,  Gamethill,  had  been  duly  elected  an 
Ordinary  Member  of  the  Society. 

(Signed)  WILLIAM  WALLACE. 


nth  March,  188S. 

The  Eighth  Ordinary  Meeting  of  the  Philosophical  Society  of 
Glasgow  for  Session  1882-83  was  held  on  the  14th  day  of  March, 
at  eight  o'clock  p.m.,  in  the  Kooms  of  the  Society,  207  Bath  Street 
— Dr.  Wallace,  President,  in  the  Chair. 

1.  The  Minutes  of  the  last  Meeting  of  the  Society,  having  been 
printed  in  the  notice  calling  this  Meeting,  were  held  as  read,  and 
were  confirmed  and  signed  by  the  Chairman. 

2.  Mr.  George  C.  Thomson,  Engineer,  77  Hill  Street,  GamethiU, 
was  admitted  a  Member  of  the  Society. 

3.  Mr.  James  Thomson,  F.G.S.,  delivered  an  address,  as  Presi- 
dent of  the  Biological  Section,  on  "  The  Development  and  Generic 
Relations  of  the  Carboniferous  Corals."  The  paper  was  illustrated 
by  numerous  photographs  of  sections  of  corals  projected  on  the 
screen  by  the  lime-light.  Mr.  Thomson  received  the  thanks  of  the 
Society  for  his  address. 
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4.  The  following  extract  from  the  Minutes  of  Council  was  read 
From  Minute  of  Meeting  of  Council  of  date  10th  January,  1883  : — 

**  A  remit  from  the  Society,  of  date  Ist  March,  1882,  was  oonaidered, 
**and,  on  the  motion  of  Dr.  Wallace,  it  was  ananimously  agreed 
that  it  is  inexpedient  to  make  a  permanent  arrangement  to  have 
all  discuasiona  at  the  Meetings  of  the  Society  reported,  and  that 
<*it  be  left  to  the  discretion  of  the  CoancU  to  engage  a  Reporter 
"  when  they  deem  it  advisable." 

6.  Mr.  Alexander  Scott  gave  notice  that  he  would  move,  at 
next  General  Meeting,  that  steps  be  taken  toward  the  formation 
of  a  Geographical  and  Ethnological  Section  of  the  Society. 

(Signed)  WILLIAM  WALLACE. 


J8th  Marchy  1883. 

The  Ninth  Ordinary  Meeting  of  tlie  Philosophical  Society  of 
Glasgow  for  Session  1882-83  was  held  on  the  28th  day  of  March, 
at  eight  o^clock  p.uL,  in  the  Rooms  of  the  Society,  207  Bath  Street 
— Dr.  Wallace,  President,  in  the  Chair. 

1.  The  Minutes  of  the  last  Meeting  of  the  Society,  having  been 
printed  in  the  notice  calling  this  Meeting,  were  held  as  read,  and 
were  confirmed  and  signed  by  the  Chairman. 

2.  The  Rev.  J.  E.  Carlyle  read  a  paper  prepared  by  Mr.  James 
Stevenson,  F.R.G.S.,  entitled  "The  Water  Highways  of  Central 
Africa.''  The  paper  was  illustrated  by  maps,  and  in  particular 
by  a  splendid  new  map  prepared  for  Mr.  Stevenson  by  Mr.  E.  G. 
Eavenstein.  After  some  remarks  by  Mr.  Ewing,  Mr.  Muir,  and 
Dr.  Christie,  Mr.  Carlyle  was  requested  to  convey  to  Mr.  Stevenson 
the  cordial  thanks  of  the  Society.  Mr.  Carlyle  stated  that,  if  a 
Section  of  the  Society  for  Geography  and  Ethnology  were  founded, 
as  was  i)roposed,  Mr.  Stevenson  would  present  to  it  the  new  map 
of  Africa  prepared  to  illustrate  the  paper.  The  President  tendered 
the  thanks  of  the  Society  to  Mr.  Stevenson  for  his  valuable  gift. 

3.  Mr.  Alexander  Scott  moved,  and  Mr.  Thomas  Muir  seconded, 
That  steps  be  taken  towards  the  formation  of  a  Geographical  and 

Ethnological  Section."    The  motion  was  unanimously  adopted. 
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4.  Mr.  Alexander  Scott  moved,  and  Dr.  Christie  seconded, 
"  That  the  following  gentlemen  be  appointed  as  a  Committee  to 
draw  up  a  Constitution  and  Rules  for  the  proposed  Section,  and 
to  lay  before  the  Society,  at  an  early  date,  the  names  of  the  first 
Office-bearers : — Mr.  James  Stevenson,  Mr.  Thomas  Muir,  Mr. 
Michael  Connal,  Dr.  Christie,  and  Mr.  Alexander  Scott — Mr. 
Scott,  Convener."    The  motion  was  unanimously  adopted. 

5. .  The  Society  received  the  following  Report  from  the  Sanitary 
and  Social  Economy  Section  regarding  the  amendment  of  the 
Public  Health  (Scotland)  Act,  1867  : — After  some  discussion,  on 
the  motion  of  the  President,  seconded  by  Dr.  Christie  (President 
of  the  Sanitary  and  Social  Economy  Section),  the  Report  was  re- 
ferred to  the  Council,  with  the  view  of  determining  what  further 
steps  should  be  taken  in  the  matter. 

6.  Mr.  John  Mayer,  F.C.S.,  gave  notice  that,  at  next  Meeting 
of  the  Society,  he  would  move — "  That  the  Society  vote  a  sum  of 
not  exceeding  twenty  pounds,  in  aid  of  a  fund  for  erecting  a 
Meteorological  Observatory  on  Ben  Nevis." 


Report  of  the  Committee  appointed  to  prepare  a  Draft 
Constitution,  <kc.,  for  the  proposed  Geographical  and 
Ethnological  Section. 

The  Committee  recommend  as  follows : — 

(1)  The  object  of  the  Section  shall  be  to  aid  the  advancement 
of  Geography  and  Ethnology,  by  affording  opportunity  for  the 
discussion  of  subjects  related  thereto — to  be  introduced  by  the 
reading  of  papers  or  by  verbal  communications.  The  general  aim 
shall  be  to  have  the  papers  read  before  the  Society;  but  the 
Section  may  have  separate  Meetings  for  that  purpose  when,  in  the 
opinion  of  the  Council  of  the  Section,  it  is  deemed  desirable. 

(2)  The  Section  shall  consist  of  Members  of  the  Philosophical 
Society — who  are  to  be  admitted  free  to  its  meetings;  and  of 
Associates  who  are  not  Members  of  the  Philosophical  Society — 
who  shall  be  admitted  to  the  Section  on  payment  of  an  annual 
subscription  of  five  shillings.  Associates  to  have  the  privilege  of 
attending  not  only  the  Section's  meetings,  but  also  those  meetings 
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of  the  Society  at  which  the  Section's  papers  are  read  or  discussed, 
and  also  of  consulting  the  books  in  the  Library. 

(3)  The  Management  of  the  Section  shall  devolve  upon  a 
Council,  consisting  of  a  President,  three  Vice-Presidents,  a  Secre- 
tary (who  shall  also  act  as  Treasurer),  and  nine  other  Members. 

(4)  The  term  of  office  of  Members  of  Council  shall  be  three 
years,  except  in  the  case  of  the  Secretary,  who  shall  be  elected 
annually.  Retiring  Members  shall  be  eligible  for  re-election. 
Three  shall  be  a  quorum. 

(5)  The  Office-bearers  of  the  Section  shall  be  elected  by  the 
Society,  at  its  Annual  Business  Meeting. 

(6)  Vacancies  occurring  during  the  currency  of  a  year  may  be 
filled  up,  ad  interim^  by  the  Council,  if  they  deem  it  expedient. 

(7)  The  Council  of  the  Section  shall  report  annually  to  the 
Society. 

(8)  No  paper  shall  be  read  which  has  not  been  approved  of  by 
the  Council ;  and  copies  of  the  paper  read  shall  be  given  into  the 
charge  of  the  Secretary  of  the  Society,  or  the  Secretary  of  the 
Section,  as  the  case  may  be. 

(9)  Associates  shall  be  elected  by  the  Council  at  any  of  its 
meetings.  Each  Candidate  shall  be  recommended  by  two  Members 
or  Associates.    The  vote  shall  be  by  ballot,  a  majority  deciding. 

(10.)  The  Associates'  annual  subscription  shall  become  due  on 
the  first  day  of  November  in  each  year. 

(11.)  No  alteration  shall  be  made  upon  the  foregoing  without 
the  consent  of  the  Society  at  two  successive  Ordinary  Meetings. 

The  Committee  further  suggest  that,  in  the  meantime,  only  six 
of  the  Members  of  Council  be  elected — the  remainder  to  be  elected 
at  the  Business  Meeting  in  November  next ;  and  that>  considering 
that  the  present  Session  is  so  far  advanced,  the  period  from  this 
date  to  the  Annual  Meeting  in  November,  1884,  be,  for  all  the 
purposes  of  the  Section,  deemed  one  year. 

ALEX.  SCOTT, 
Convener, 


(Signed)  WILLLAM  WAJ^J^^"^ 
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11th  April,  1883, 

The  Tenth  Ordinary  Meeting  of  the  Philosophical  Society  of 
Glasgow  for  Session  1882-83  was  held  on  the  11th  day  of  April, 
at  eight  o'clock  p.m.,  in  the  Rooms  of  the  Society,  207  Bath 
Street — Dr.  Wallace,  President,  in  the  Chair. 

1.  The  Minutes  of  the  last  Meeting  of  the  Society,  having  been 
piinted  in  the  notice  calling  this  Meeting,  were  held  as  read,  and 
were  confirmed  and  signed  by  the  Chairman. 

2.  llie  Rev.  A.  S.  Wilson,  M.A.,  B.Sc,  Professor  of  Botany 
in  Anderson's  College,  read  a  paper  on  "The  Fertilisation  of 
Flowers.*'  The  paper  was  illustrated  by  numerous  diagrams  and 
by  specimens.  Mr.  Wilson  received  the  cordial  thanks  of  the 
Society. 

3.  Mr.  Alexander  Scott  laid  before  the  Society  the  following 
Report  of  the  Committee  appointed  at  last  Meeting,  regarding  the 
Geographical  and  Ethnological  Section : — 

Report  of  the  Committee  appointed  to  prepare  a  Draft 
Constitution,  &c.,  for  the  proposed  Geographical  and 
Ethnological  Section. 

The  Committee  recommend  as  follows : — 

(1)  The  object  of  the  Section  shall  be  to  aid  the  advancement  of 
geography  and  ethnology,  by  afifording  opportunity  for  the  discnsaion  of 
subjects  related  thereto — ^to  be  introduced  by  the  reading  of  papers  or  by 
verbal  communications.  The  general  aim  shall  be  to  have  the  papers  read 
before  the  Society ;  but  the  Section  may  have  separate  meetings  for  that 
purpose  when,  in  the  opinion  of  the  Council  of  the  Section,  it  is  deemed 
desirable. 

(2)  The  Section  shall  consist  of  Members  of  the  Philosophical  Society — 
who  ars  to  be  admitted  free  to  its  meetings ;  and  of  Associates  who  are  not 
Members  of  the  Philosophical  Society— who  shall  be  admitted  to  the 
Section  on  payment  of  an  annual  subscription  of  five  shillings.  Associates 
to  have  the  privilege  of  attending  not  only  the  Section's  meetings,  but  also 
those  meetings  of  the  Society  at  which  the  Section's  papers  are  read  or 
discussed ;  and  also  of  consulting  the  books  in  the  Library. 

(3)  The  Management  of  the  Section  shall  devolve  upon  a  Council, 
consisting  of  a  President,  three  Vice-Presidents,  a  Secretary  (who  shall 
also  act  as  Treasurer),  and  nine  other  Members. 
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(4)  The  term  of  office  of  Members  of  Coancil  shall  be  three  years,  except 
in  the  case  of  the  Secretary,  who  shall  be  elected  annually.  Retirixig 
Members  shall  be  eligible  for  re  election.    Three  shall  be  a  quorum. 

(5)  The  Office-bearers  of  the  Section  shall  be  elected  by  the  Society  at 
its  Annual  Business  Meeting. 

(6)  Vacancies  occurring  during  the  currency  of  a  year  may  be  filled  up, 
ad  interim^  by  the  Council,  if  they  deem  it  expedient. 

(7)  The  Council  of  the  Section  shall  report  annually  to  the  Society. 

(8)  No  paper  shall  be  read  which  has  not  been  approved  of  by  the 
Council;  and  copies  of  the  paper  read  shall  be  given  into  the  charge  of 
the  Secretary  of  the  Society,  or  the  Secretary  of  the  Section,  as  the  case 
may  be. 

(9)  Associates  shall  be  elected  by  the  Council  at  any  of  its  meetings. 
Each  candidate  shall  be  recommended  by  two  Members  or  Associates.  The 
vote  shall  be  by  ballot,  a  majority  deciding. 

(10)  The  Associates'  annual  subscription  shall  become  due  on  the  first 
day  of  November  in  each  year. 

(11)  No  alteration  shall  be  made  upon  the  foregoing  without  the  consent 
of  the  Society,  at  two  successive  Ordinary  Meetings. 

The  Committee  further  suggest  that  in  the  meantime,  only  six  of  the 
Members  of  Council  be  elected — the  remainder  to  be  elected  at  the 
Business  Meeting  in  November  next;  and  that,  considering  that  the  present 
Session  is  so  far  advanced,  the  period  from  this  date  to  the  Annual  Meeting 
in  November,  1884,  be,  for  all  the  purposes  of  the  Section,  deemed  one 
year. 

ALEX.  SCOTT, 
Convenei\ 

Mr.  Scott  moved,  and  Dr.  Henry  Muirhead  seconded,  the 
adoption  of  the  Report.  This  was  unanimously  agreed  to,  and  a 
Geographical  and  Ethnological  Section  was  accordingly  constituted^ 
subject  to  the  rules  embodied  in  the  Hepori 

4.  Mr.  Alexander  Scott,  on  behalf  of  the  Committee,  moved 
that  the  following  gentlemen  be  appointed  Office-bearers  of  the 
Geogi-aphical  and  Ethnological  Section  until  the  Annual  Meeting 
of  the  Society  in  November  next  :— Dr.  W.  G.  Blackie,  F.RG.S.; 
Mr.  James  Stevenson,  F.R.G.S.;  Mr.  Michael  Connal,  Mr.  Thomas 
Muir,  M.A;  Mr.  James  Grierson,  and  Dr.  James  Christie — Dr. 
Christie  l^eing  requested  to  act  as  Seci'etary        tempore.  This 


Minutes  of  Sesaioit. 


543 


motion  was  seconded  by  Mr.  Archibald  Eobertson,  and  was  unani- 
mously adopted. 

5.  The  Secretary  read  the  following  Report  from  the  Council : — 

Extract  Minute  of  Council^  dated  4th  Ajyril,  188S, — The  CoaDcil  considered 
the  Report  from  the  Sanitary  and  Social  Economy  Section  regarding  the 
amendment  of  the  Pnblic  Health  (Scotland)  Act,  1867,  remitted  to  them  by 
the  Society  on  28th  March,  and  resolved  to  advise  the  Society  to  adopt  the 
Report,  and  to  petition  the  proper  anthorities,  in  terms  of  the  recommenda- 
tions contained  in  the  Report. 

On  the  motion  of  the  President,  the  Society  followed  the  advice 
of  the  Council,  and  adopted  the  Repoi-t ;  and  the  Secretary  was 
instructed  to  prepare  and  print  in  next  Billet  a  Memorial  or 
Petition  to  that  effect,  addressed  to  the  Right  Hon.  the  Earl  of 
Rosebery,  Under-Secretary  of  State,  and  to  the  Right  Hon.  the 
Lord  Advocate  for  Scotland. 

6.  The  motion  in  the  name  of  Mr.  John  Mayer  fell  to  the 
ground,  in  consequence  of  the  absence  of  the  proposer. 


The  Society  held  another  Meeting  on  26th  April,  1883,  when 
Mr.  R.  R.  Tatlock  read  a  paper  prepared  by  Mr.  George  MacRoberts, 
F.C.S.,  Nobel's  Explosives  Company,  Ardeer.  Reports  were  given 
in  from  the  various  Sections.  The  Committee  on  Patents  was  re- 
appointed. Memorials  regarding  the  amendment  of  the  Public 
Health  (Scotland)  Act,  1867,  to  the  Earl  of  Rosebery  and  the 
Lord  Advocate,  were  approved  of,  and  were  ordered  to  be  for- 
warded. Dr.  Henry  Muirhead  and  Professor  M*Kendrick  were 
appointed  Delegates  from  the  Society  to  the  Meeting  of  the  British 
Association  at  Southport  in  September,  1883.  Mr.  John  Mayer- 
gave  notice  of  a  motion  regarding  a  subscription  to  the  Ben  Nevis 
Observatory  Fund.  The  Minutes  of  this  Meeting,  if  approved, 
will  appear  in  next  volume  of  the  Proceedings, 


(Signed) 


WILLIAM  WALLACE. 


(Signed) 


WILLIAM  WALLACE. 
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MEMORIALS  REGARDING  THE  AMENDMENT  OF  THE 
PUBLIC  HEALTH  (SCOTLAND)  ACT,  1867. 

To  The  Right  Hon.  The  Earl  of  Rosebery, 

Under-Secretary  of  State  for  Scotland — 

The  Memorial  of  the  Philosophical  Society  of  Glasgow. 

The  Philosophical  Society  of  Glasgow,  now  holding  its  Eightieth  Session, 
consists  of  nearly  700  Members,  representing  the  professions,  and  the  arts, 
manufactures,  trade,  and  commerce  of  the  City  of  Glasgow.  The  Philosophi- 
cal Society  has  a  Section  for  the  special  consideration  of  matters  relating  to 
Sanitary  and  Social  Economy,  many  of  the  Members  of  which  have  had 
large  experience  in  practical  hygiene. 

That  the  Society,  both  in  its  Sanitary  and  Social  Economy  Section  and 
in  General  Meetings,  has  had  under  consideration  the  amendment  of  the 
Public  Health  (Scotland)  Act,  1867,  and,  as  the  result  of  its  deliberations, 
has  resolved  humbly  to  make  the  following  suggestions  to  your  Lordship, 
in  the  hope  that  they  may  be  favourably  considered  by  the  Government  in 
impending  legislative  measures  as  to  public  health  :  — 

L  With  reference  to  the  Administrative  and  Executive  Machinery  of  the 
Health  Act,  the  Society  is  of  opinion — 

(1)  That  the  best  Central  Health  Authority  for  Scotland  would  be  a 

separate  Board  of  Health,  under  the  presidency  of  the  Under- 
Secretary  of  State  for  Scotland,  and  having  as  members  repre- 
sentatives of  the  legal,  medical,  and  engineering  professions; 
but  if,  looking  to  the  amalgamation  of  Poor-Law  and  Health 
under  Central  Boards  in  the  sister  kingdoms,  this  scheme  is 
found  impracticable,  the  Board  of  Supervision  should  be  modified 
by  the  addition  of  similar  representatives — in  either  case  one 
medical  gentleman  who  has  given  special  attention  to  Public 
Health  matters  to  be  a  paid  member  of  the  Board,  and  to  devote 
his  whole  time  to  the  duties  of  his  office ; 

(2)  That  it  is  desirable  that  extensive  controlling  powers  should  be 

given  to  the  Central  Authority,  and  that  a  staff  of  Officers  should 
be  appointed  under  it ; 

(3)  That  the  Central  Authority  should  be  empowered  and  required  to 

divide  the  whole  country  into  Health  Districts ; 

(4)  That,  in  the  formation  of  these  Health  Districts,  the  areas  of  exist- 

ing Local  Authorities,  whether  urban  or  inral,  should  be  com- 
bined according  to  grouping  of  population,  circumstances  of 
common  drainage  and  water  supply,  or  any  other  circumstances 
which  the  Central  Authority,  after  due  inquiry,  consider  of 
importance  in  determining  the  boundaries  of  the  Health  District; 
wholly  irrespective  of  County  or  other  existing  boundaries ; 
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(5)  That  each  existing  Local  Authority  should  have  representation  in  a 

Central  Health  Board  to  be  constituted  for  the  District  of  which 
it  is  a  unit ; 

(6)  That  each  Health  District  should  have  a  Medical  Officer  of  Health, 

whose  work  should  be  wholly  confined  to  the  duties  of  his  office 
— ^the  salary  to  be  fixed  by  the  Central  Authority,  and  the  officer 
irremovable  except  with  the  consent  of  the  same  Authority;  and 

(7)  That  a  Staff  should  be  under  his  direction  and  control,  whose  work 

should  also  be  confined  to  the  duties  of  their  respective  offices, 
and  their  remuneration  fixed  by  the  Central  Authority. 
II.  As  regards  the  subject-matter  of  the  Law,  the  Society  approves 
generally  the  provisions  of  the  Irish  Public  Health  Act,  with  the  following 
additions 
Clauses  embodying — 

1st.  Compulsory  Notification  of  Infectious  Diseases. 
2nd.  The  Regulation  of  the  Milk  Supply. 

3rd.  Compulsory  Hospital  Accommodation  for  Infectious  Diseases 

in  every  Health  District. 
4th.  More  stringent  Regulations  with  regard  to  Overcrowding  and 

Lodging-houses. 

5th.  Additional  Powers  to  Sanitary  Inspectors  for  the  Summary 
Removal  of  Nuisances. 

The  Society  would  further  respectfully  recommend  that  all  duties  under 
the  Vaccination  Acts  should  be  transferred  from  the  Parochial  to  the  Dis- 
trict Health  Boards,  and  that  detailed  Building  Regulations  be  prescribed 
by  the  proposed  General  Public  Health  Act,  or  by  a  separate  Building  Act. 

Signed  and  sealed  on  behalf  of  the  Society  by 

WILLIAM  WALLACE,  President, 

JOHN  G.  M»KENDRICK,  Secretary. 
3rd  May,  1883. 

A  Memorial  to  The  Right  Hon.  The  Lord  Advocate  for  Scotland  was  in 
the  same  terms. 

Tfie  following  replies  have  been  received  to  the  foregoing  Memorial: — 

(1)  From  the  Earl  of  Rosebery. 

Secretary  of  State, 
Home  Department,  Sth  May,  1883. 

Dear  Sir, — Lord  Rosebery  desires  me  to  acknowledge  your  letter  of 
the  4th  inst.,  and  in  reply  to  say  that  he  will  lay  the  Memorial  from  the 
Philosophical  Society  of  Glasgow,  therein  enclosed,  before  the  Secretary  of 
State  for  his  consideration. 

I  am.  Dear  Sir, 

Yours  faithfully, 

J.  G.  M'Kkndrick,  Esq.  WM.  C.  DUNBAR. 
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(2)  From  the  Lord  Advooatk. 

Lord  Advocate's  Chambers,  Home  OfFiCE, 

London,  Whitehall,  S.W.,  1th  May,  1883. 

Dear  Sir, — I  am  directed  by  the  Loitt  Advocate  to  acknowledge  receipt 
of  your  letter  of  4tli  inst.,  enclosing  a  Memorial  for  the  Philosophical 
Society  of  Glasgow,  regarding  the  Public  Health  Act,  1867,  which  will 
receive  careful  consideration. 

I  am, 

Yours  faithfully, 

D.  CRAWFORD. 

Professor  M'Kendrick,  M.D. 


Report  of  the  Architectural  Section  op  the  Glasgow 
Philosophical  Society,  for  Session  1882-83. 

During  the  Session  eight  Meetings  have  been  held.  The  follow- 
is  a  list  of  papers  read  at  those  Meetings : — 

Novembei*  13,  1882. — John  Dansken,  Esq.,  Measurer,  read  a 
paper  on  "  Building  Construction :  Suggestions  for  Protection  from 
Fire." 

Novenib&i'  27,  1882. — John  Hay,  Esq.,  Heating  and  Ventilating 
Engineer,  read  a  paper  entitled  "  Ventilation  Considered  in  Relation 
to  the  Opposite  Seasons  of  the  Year." 

December  11,  1882. — John  Goldie,  Esq.,  Builder,  read  a  paper 
on  "Brick-making  and  Brick-building." 

January  15,  1883. — C.  P.  Hogg,  Esq.,  C.E.,  read  a  paper  on 
"  Foimdations." 

January  29,  1883.— Dr.  William  Wallace,  President  of  the 
Philosophical  Society,  read  a  paper  on  "The  Decay  of  Building 
Stones." 

February  26,  1883. — John  Honeyman,  Esq.,  Architect,  read  a 
paper  on  the  "  Proposed  E;emoval  of  St.  George's  Church;"  and 
T.  L.  Watson,  Esq.,  Architect,  read  a  paper  on  "  Square  Dressed 
Rubble." 

March  12,  1883. — William  Landless,  Esq.,  Architect,  read  a 
l)aper  entitled    The  Rival  Cities." 
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Ma/rch  26,  1883. — John  Cowan,  Esq.,  read  a  paper  on  **  Knots 
in  Timber;"  William  He  wit,  Esq.,  read  a  paper  on  "  Instalments;" 
and  the  President,  James  Sellar,  Esq.,  Architect,  gave  his  closing 
address,  the  subject  being  "  The  Work  of  the  Section  Past  and 
Future." 

The  thanks  of  the  Section  are  due  to  all  these  gentlemen.  . 

The  Annual  Business  Meeting  was  held  on  the  evening  of 
Monday,  12th  March,  when  the  following  gentlemen  were  elected 

to  office : — 

President. — James  Sellar,  Esq.,  Architect. 

Vice-Presidents. — William  Landless,  Esq.,  Architect,  and  John 
Cowan,  Esq.,  Wright. 

Treasurer. — James  Howatt,  Esq.,  Measurer. 

Secretary. — A.  Lindsay  Miller,  Architect,  121  West  Regent 
Street 

Members  of  Council. — David  Thomson,  Esq.,  Architect;  W.  F. 
Salmon,  Esq.,  Ai-chitect;  T.  L.  Watson,  Esq.,  Architect;  Campbell 
Douglass,  Esq.,  Architect;  John  Honeyman,  Esq.,  Architect;  Alex- 
ander Muir,  Esq.,  Builder;  JohnDansken,  Esq.,  Measurer;  William 
Howatt,  Esq.,  Measurer;  Robert  Scott,  Esq.,  Measurer;  Alexander 
Frew,  Esq.,  Civil  Engineer. 

A.  LINDSAY  MILLER,  Architect, 

Secretary  of  Section. 


Report  of  the  Biological  Section  of  the  Glasgow 
Philosophical  Society  for  Session  1882-83. 

The  President  of  the  Section  delivered  an  Address  at  a  General 
Meeting  of  the  Society  on  14th  March,  1883,  the  subject  being 
**The  Development  and  Generic  Relations  of  the  Carboniferous 
Corals." 

A  List  of  the  Office-bearers  of  the  Section  will  be  found  at 
page  557. 

I).  C.  M*VAIL,  M.B. 
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Report  of  the  Sanitary  and  Social  Economy  Section  of 
THE  Glasgow  Philosophical  Society,  Session  1882-3. 

The  Sanitary  and  Social  Economy  Section  met  for  the  election 
of  Office-bearers,  on  the  16th  November  last,  when  the  following 
list  was  unanimously  agreed  upon : — 

Dr.  Jas.  Christie,  President. 

Mr.  Kenneth  M.  Macleod,  )  vice- Presidents. 

Dr.  John  Douoall,  ) 

Dr.  Eben.  Duncan,  Secretary, 


Other  Members  of  Council, 
Dr.  Fergus.  Mr.  Scott. 

Mr.  Cleland  Burns.  Mr.  Fbew. 

Mr.  W.  R.  W.  Smith.  j        Dr.  Jas.  B.  Russell. 

Mr.  Bromhead.  i        Mr.  W.  P.  Buchan. 

Mr.  Dixon.  |        Dr.  Carmichasl. 

Mr.  Hewat.  I         Bailie  Farquhar. 

Two  papers  from  the  Sanitary  Section  were  read  before 
General  Meetings  of  the  Society  during  the  Session — 1st,  a  paper 
by  Dr.  Dougall,  on  "  Milk  Pollution and  2nd,  a  paper  by 
Dr.  Eben.  Duncan,  on  "  The  Clauses  of  the  Glasgow  Police  Bill 
which  have  reference  to  the  Prevention  or  Mitigation  of  Disease." 

Several  Meetings  of  the  Section  were  held  during  the  Session, 
with  reference  to  the  remit  from  the  parent  society,  anent  the 
amendment  of  the  Public  Health  (Scotland)  Act,  1867;  and  the 
Report  of  the  Committee  appointed  last  Session  was  carefully 
considered.  An  enlarged  Committee  was  appointed  to  revise  that 
Heport,  and  consider  what  further  Amendments  might  be  required 
upon  the  Health  Act  in  question.  The  Report  of  this  enlarged 
Committee  was  submitted  to  the  Section,  and,  after  careful  dis- 
cussion and  amendment,  it  was  adopted.  This  Report  was 
presented  to  the  Society  on  the  21st  of  March.  No  other  business 
came  before  this  Section  during  the  session. 

EBEN.  DUNCAN, 
Glasgow,  April  17th,  1883.  Secretary, 


Report  of  the  Chemical  Section  for  Session  1882-83. 

During  Session  1882-83  this  Section  held  ten  G^eral  Meetings, 
at  which  the  average  attendance  was  17*4.  Three  gentlemen  were 
elected  Associates  of  the  Section  in  the  course  of  the  Session. 
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The  following  is  a  list  of  the  papers  contributed  to  the  Section: — 

November  6,  1 882. — "  Recent  Progress  in  the  Manufacture  of 
Colors  from  Coal-tar,"  by  Mr.  J.  J.  Coleman. 

November  20, 1882. — Business  Meeting.  Postponed  on  account 
of  small  attendance. 

December  4,  1882. — Postponed  Business  Meeting.  "Siemens' 
Reverberatory  Furnace  on  the  Regenerative  Principle,  and  an 
Outline  of  the  Siemens-Martin  Process,"  by  Mr.  Smith. 

December  18,  1882. — *  "  Some  Account  of  the  Iron  Ore  Industry 
of  the  North  of  Spain,"  by  Mr.  J.  G.  Jenkins. 

January  22,  1883.—*  On  the  Use  of  Litmus,  Methyl  Orange, 
Phenacetolin,  and  Phenolphthalein  as  Indicators,"  by  Mr.  R.  T. 
Thomson. 

February  5,  1883.— *  The  President's  Annual  Address  ("The 
History  of  some  of  the  Principal  Chemical  Manufactures  in  the 
West  of  Scotland  "). 

February  19,  1883.— "The  History  and  Reactions  of  Ozone," 
by  Mr.  E.  Hunt. 

March  5,  1883.— (1)  **The  Discovery  of  Phosphorus,"  by  Pro- 
fessor Ferguson,  and  (2)  "The  Classification  of  the  Red  Resins 
known  as  Dragon's  Blood,"  by  Dr.  Dobbie  and  Mr.  G.  G.  Henderson. 

March  19,  1883.— (1)  *  "  On  a  Volumetric  Process  for  the 
Estimation  of  Nickel  and  Cobalt,"  by  Dr.  Clark.  (2)  *  "  On  the 
Use  of  Rosolic  Acid  as  an  Indicator,"  by  Mr.  R.  T.  Thomson. 

April  2,  1883.— (1)  *  "  On  Algin— a  new  Glutinous  Substance 
from  Sea-weed,"  by  Mr.  E.  C.  C.  Stanford.  (2)  "The  Action  of 
Heat  and  the  Chlorides  of  Phosphorus  on  the  Water-salts  of 
Hypophosphorus,  Phosphorus,  and  Phosphoric  Acids,"  by  Dr.  Otto 
Richter. 

The  papers — six  in  number — marked  with  an  asterisk  (*)  were 
recommended  for  publication  to  the  Council  of  the  Philosophical 
Society. 

A  full  report  of  the  discussions,  taken  by  Mr.  Cunningham, 
Shorthand  Reporter  to  the  Section,  is  preserved  among  the  papers 
of  the  Section. 

(Signed)      George  G.  Henderson, 

Hon.  Secretary. 
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List  of  Office-bearers  of  Chemical  Section  for 
Session  1882-83. 

Preddent. 

Mr.  RoBEKT  R.  Tatlock,  F.R.S.E^  F.I.C.,  F.C.S. 

Permanent  Vice-Presidents. 

Mr.  E.  C.  C.  Stanford,  F.C.S.  Prof.  Febocson,  M.A.,  F.C.S. 

Dr.  W.  Wallace,F.R.S.E.,F.I.C.,F.C.S.    Mr.  James  Mactear,  F.C.S. 


Elected  Vice-Presidents, 


Retires  in  1883,  - 
Retires  in  1884,  • 
Retires  in  1885,  - 

*  Treasurer. 
Mr.  J.  J.  Coleman. 


Mr.  J.  J.  Coleman,  F.I.C. 

Mr.  Alex.  Whitelaw. 

Dr.  J.  J.  DoBBiE,  M.A.,  F.C.S. 

Secretary. 
Mr.  6.  6.  Henderson,  B.Sc. 


Members  of  Committee. 


ry  A'  looo  i  Mr.  Alex.  Whitelaw. 
Retire  m  1883,    J       ^  t>  rp 

(  Mr.  R.  R.  Tatlock. 


Retire  in  1884, 


Retire  in  1885, 


Mr.  J.  J.  Coleman, 
Dr.  J.  J.  DoBBiE. 


Mr.  J.  E.  Stoddart. 
Mr.  C.  Hope. 

Mr.  6.  6.  Henderson. 
Mr.  Jamrs  Park. 


Mr.  Jas.Snodorass,  F.C.S.  Mr.  J.  Mayer,  F.C.S. 
Mr.  Chrystal.  Mr.  J.  B.  Hannay,  F.R.S.E., 

F.C.S. 


Geographical  and  Ethnological  Section. 

This  Section  was  formed  on  11th  April,  1883,  when  the 
following  gentlemen  were  appointed  Office-bearers  till  the  Annual 
Meeting  of  the  Society,  in  November,  1883: — 

W.  G.  Blackie,  LL.D.,  F.R.G.S. 
James  Stevenson,  F.R.G.S. 
Michael  Connal. 
Thomas  Muir,  M.A. 
.Fames  Grierson. 
James  Christie,  M.D. 

Secretary  2)ro  tern.,  Jame.s  Christie,  M.D., 
2  Great  Kelvin  Terrace,  Bank  Street,  Hillhead. 


Minutes  of  Session. 


553 


The  following  Petition  was  drawn  up  by  the  Committee  on  the 
Patent  Laws  appointed  on  25th  April,  1883,  and  was  presented 
to  the  House  of  Commons  by  George  Anderson,  Esq.,  M.P. :  

UNTO  THE  HONOURABLE  THE  COMMONS  OF  THE 
UNITED  KINCiDOM  OF  GREAT  BRITAIN  AND 
IRELAND,  IN  PARLIAMENT  ASSEMBLED. 

THE  HUMBLE  PETITION  OF  THE  PHILOSOPHICAL  SOCIETY 
OF  GLASGO 

SlIEWETH, 

That  the  Philosophical  Society  of  Glasgow,  now  holding 
its  Eightieth  Session,  consists  of  upwards  of  600  Members,  and  represents 
the  Professions,  Arts,  Manufactures,  Trades,  and  Commerce  of  the  City  of 
Glasgow,  and  surrounding  district. 

That  the  Society  has  had  under  consideration  the  **  Patents  for  Inven- 
tions Bill "  brought  before  your  Honourable  House  by  the  Right  Honourable 
the  President  of  the  Board  of  Trade. 

The  Society  is  of  opinion  that  many  of  the  provisions  of  the  Bill  are  un- 
satisfactory, and  in  order  that  it  may  more  nearly  conform  to  the  require- 
ments of  Manufacturers,  Traders,  Inventors,  and  the  public  generally,  a 
number  of  the  clauses  therein  should  be  amended. 

In  the  opinion  of  the  Society  it  is  not  desirable  that  a  Statement  of 
Claims  be  required  to  accompany  the  Provisional  Specification.  The 
Inventor  is  not  in  a  position  at  this  stage  to  state  precisely  what  part  of 
his  Invention  he  may  claim  as  new.  It  should  suffice  that  the  claim  in  the 
Complete  Specification  be  made  to  cover  only  the  Invention  described  in  the 
Provisional  Specification. 

The  wording  of  Clause  12  does  not  appear  to  contemplate  the  possibility 
of  a  Patent  being  lost  through  delay  occurring  in  the  Patent  Office. 

The  Society  considers  that  the  operation  of  the  Clause  providing  for  the 
opening  of  the  Complete  Specification  to  public  inspection  before  the  grant 
of  the  Patent  would  be  to  invite  opposition,  and  to  give  an  unfair  advantage 
to  opponents. 

The  term  of  Patent  Rights  proposed  in  the  Bill  is,  the  Society  i^onsiders, 
much  too  short  to  enable  valuable  Inventions  to  be  worked  with  profit,  or 
to  induce  capitalists  to  invest  in  Patents. 

A  Patentee  should  be  allowed  to  amend  his  Specification  and  Claims,  not 
only  by  disclaiming  such  parts  as  may  turn  out  to  be  old,  but  by  altering 
defective  claims,  or  adding  claims  to  cover  such  parts  of  his  Invention  as 
may  have  been  fairly  described,  but  which,  by  omission  or  otherwise,  have 
been  left  unclaimed  in  the  Original  Specification. 

It  is  also  of  importance  that  a  clearer  definition  be  given  than  has 
hitherto  obtained  of  what  shall  form  subject-matter  of  an  Invention. 

The  Society  suggests  that  the  following  Amendments  be  made  in  the 
Clauses  of  the  Bill  : — 

As  regards  Clause  5,  page  2,  line  22,  by  leaving  out  the  words  "a 
Specification,  whether  provisional  or  complete,*'  and  inserting  the  words 
'*  a  Complete  Specification." 

Vol.  XIV.  2  n 
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As  regards  Clause  9,  page  3,  by  leaving  out  line  15,  and  inserting  the 
words  *'the  claims  in  the  Complete  Specification  are  a  fair  working  out  of 
the  Invention  described  in  the  Provisional  Specification  and  in  lines  16 
and  17,  by  leaving  out  the  words  *'  that  the  claims  in  the  two  Specifications 
are  not  substantially  the  same,"  and  inserting  the  words  "  that  the  claims 
in  the  Complete  Specification  are  not  a  fair  working  out  of  the  Invention 
described  in  the  Provisional  Specification." 

As  regards  Clause  10,  page  3,  lines  29,  30,  and  31,  by  leaving  out  the 
words    and  the  application  "  to  the  end  of  the  Clause. 

As  regards  Clause  16,  page  5,  line  6,  by  inserting  at  the  end  of  the  Clause 
the  words  "  and  the  Provisional  and  Complete  Specifications  and  Drawings, 
if  any,  shall  be  open  to  public  inspection  on  and  after  the  date  of  sealing 
of  Letters  Patent." 

As  regards  Clause  17,  page  5,  line  8,  by  leaving  out  the  word  '*  fourteen," 
and  inserting  the  word  "seventeen;"  in  lines  10,  11,  and  23,  by  leaving 
out  the  word  seventh,"  and  inserting  the  word  eighth  and  in  line  18, 
by  leaving  out  the  words  '*may,  if  he  think  fit,"  and  inserting  the  word 
"shall." 

As  regards  Clause  18,  page  6,  line  17,  by  leaving  out  the  words  "claimed 
by,"  and  inserting  the  words  "  described  in." 

As  regards  Clause  37,  page  11,  line  14,  by  adding  at  the  end  of  the  Clause 
the  words  "  and  he  shall  cause  the  Provisional  and  Complete  Specifications 
to  be  printed  with  the  Drawings  of  the  same  dimensions  as  the  filed 
Drawings." 

As  regards  Clause  43,  page  13,  line  40,  by  leaving  out  the  words 
** Invention "  to  the  end  of  the  Clause,  and  inserting  the  words  "a  Patent 
may  be  granted  for  fa)  any  manner  of  manufacture  ;  fbj  any  new  product 
or  new  application  of  a  natural  product ;  fc)  any  machine  or  any  means  of 
producing  any  manufacture,  product,  or  result ;  (dj  any  process  or  method 
of  producing  any  manufacture,  product,  or  result;  (ej  any  part  of  a 
machine,  means,  process,  or  method  of  producing  any  manufacture,  product, 
or  result. 

And  your  Petitioners,  as  in  duty  bound,  shall  ever  pray. 

Signed,  in  name  and  on  behalf  of  the  Members  of  the 
Philosophical  Society  of  Glasgow,  by 

WILLIAM  WALLACE,  President. 
JOHN  (i.  M'KENDRICK,  5ecrftary. 
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OFFICE. BEARERS 
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SBSSIOU  1832-83. 


William  Wallace,  Ph.D.,  F.R.S.E.,  F.I.C.,  F.C.S.,  President, 
Mr.  Michael  Connal, 

Mr.  James  Mactear,  F.C.S.,  \  Vice-Presidents, 

James  B.  Russell,  B.A.,  M.D. 

Allen  Thomson,  LL.D.,  D.C.L.,  M.D.,  F.R.SS.L.  &  K, 
Professor  Robert  Grant,  M.A.,  LL.D.,  F.R.S.,  „ 
Professor  Sir  Wm.  Thomson,  M.A.,  LL.D.,  D.C.L.,  \  y.    „  JZni 
F.  R.  SS.  L.  &  E. ,  ' 


Andrew  Fergus,  M.D.,  M.R.C.S.Eng., 

Mr.  John  Robertson,  Librarian, 

Mr.  John  Mann,  C.A.,  Treasurer, 

Professor  John  Gray  M*Kendrick,  M.D.,  LL.D.,  F.R.S.E.,  F.R.C.P.E., 
Secretary. 

Mr.  James  Sellars,  Jun.,  LA.,  Architect,  Architectural  \ 
Section^  I 

Mr.  James  Thomson,  F.G.S.,  Biological  Section^  [ 

Mr.  Robert  R.  Tatlock,  F.R.S.E.,  F.LC,  F.C.S.,  Chemical  y^^^f* 
Section,  (  -Siif/ww. 

James  Christie,  M.A.,  M.D.,  Sanitary  and  Social  Economy  I 
Sectioft,  J 
Other  Members  of  Council, 

Neil  Carmichael,  M.D.,  CM.  i  Prof.  William  Jack,  M.A.,  LL.D. 

Mr.  Nathaniel  Dunlop.  ,  Henry  Muirhead,  M.D. 

Mr.  James  Paton,  F.L.S.  j  Thomas  Muir,  M.A.,  F.R.S.E. 
Mr.  Alexander  Scott.  James  Morton,  M.D. 

William  James  Fleming,  M.D.       James  Stirton,  M.D.,  F.L.S. 
Mr.  Hazelton  R.  Robson.  Mr.  Archibald  Robertson. 
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COMMITTEES  APPOINTED  BY  THE  COUNCIL 


COMMITTEE  ON  FINANCE. 
Dr.  Wallace,  President, 
Mr.  Nathaniel  Dunloi».  Mr.  Archibald  Robertson. 

Professor  Jack.  Mr.  Hazelton  R.  Robson. 

Mr.  Jamks  Paton.  Mr.  Alexander  Scott. 

Mr.  John  Mann,  Treasurer^  Convener, 
Mr.  Michael  Connal,  V.-P.,  Sub-Convener. 


COMMITTEE  ON  PAPERS, 
Dr.  Wallace,  President. 

Mr.  James  Mactear,  )  _,.  _  . .  , 
,^    ;  „  >  Vice-Presidents. 

Dr.  J.  B.  Russell,  \ 


Dr.  Neil  Carmichael. 
Dr.  James  Christie. 
Mr.  Michael  Connal. 
Dr.  W.  J.  Fleming.  ;      Mr.  R.  R.  Tatlock 

Professor  M*Kendrick,  Converter, 


Dr.  James  Morton. 
Mr.  James  Sellars. 
Dr.  James  Stirton. 


COMMITTEE  ON  THE  LIBRARY. 


Dr.  Wallace,  Presidettt. 
Mr.  Michael  Connal, 
Mr.  James  Mactear,    \  Vice-Presidents, 


Dr.  J.  B.  Russell, 
Dr.  Neil  Carmichael. 
Dr.  W.  J.  Fleming. 
Professor  Jack. 
Dr.  James  Morton. 
Mr.  Thomas  Mair. 


Dr.  Henry  Muirhead. 

Mr.  James  Paton. 

Mr.  Alexander  Scott. 

Dr.  James  Stirton. 

Mr.  James  Thomson,  F.G.S. 


Mr.  John  Robertson,  Librarian ^  Convener. 


HOUSE  COMMITTEE. 
Consisting  of  Members  of  the  Philosophical  Society  and  of  the  Institution 
of  Engineers  and  Shipbuilders. 

Philosophical  Society. 


Institution  of  Ent^tuers  and 

Shipbuilders. 
Mr.  James  Reid. 
Mr.  S.  G.  G.  Copestake. 
Mr.  J.  L.  K.  Jamieson. 


Dr.  Wallace. 

Mr.  Nathaniel  Dunlop. 

Mr.  Archibald  Robertson. 


OJtce-bearera  of  tlie  Society^ 
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OFFICE-BEARERS  OF  SECTIONS. 


ARCHITECTURAL  SECTION, 


James  Sellars,  Esq.,  Architect,  President. 


I  Vice-Presidents. 


James  Howatt,  Esq.,  Measurer,  Treasurer. 
A.  Lindsay  Miller,  Architect,  Secretary. 


Members  of  Council. 


David  Thomson,  Esq.,  Architect.      Alexander  Muir,  Esq.,  Builder. 
W.  F.  Salmon,  Esq.,  Architect.         John  Dansken,  Esq.,  Measurer. 
T.  L.  Watson,  Esq.,  Architect.         William  Howatt,  Esq.,  Measurer. 
Campbell  Douglas,  Esq.,  Architect.]  Robert  Scorr,  Esq.,  Measurer. 
John  Honeyman,  Esq.,  Architect.    !  Alexander  Frew,  Esq.,  C.E. 


BIOLOGICAL  SECTION. 

Mr.  James  Thomson,  F.G.S.,  President. 

Henry  Muirhead,  M.D.,  \ 

Neil  Carmichael,  M.D.,  V  Vice  Presidents, 

William  James  Fleming,  M.D., ) 

Other  Members  of  Council, 
Joseph  Coats,  M.D.  i      Mr.  John  Robertson. 


Mr.  Archibald  Robertson.     I      James  Stirton,  M.D. 
D.  C.  M*Vail,  M.B.,  St.  James'  Terrace,  Hillhead,  Secretary, 


CHEA/ICAL  SECTION, 
President, 

Mr.  R.  R.  Tatlock,  F.R.S.E.,  F.I.C.,  F.C.S. 

PermanetU  Vice-Presidents. 
Mr.  E.  C.  C.  Stanford,  F.C.S.  Professor    Ferguson,  M.A., 

Dr.  Wm.  Wallace,  F.R.S.E.,  F.C.S. 
F.I.C.,  F.C.S.  Mr.  James  Mactear,  F.C.S. 


John  Dougall,  M.D. 
Mr.  H.  E.  Clarke. 
James  Finlayson,  M.D. 
Mr.  John  Kirsop. 


Mr.  J.  B.  Murdoch. 
John  Glaister,  M.B. 
Eben.  Watson,  M.D. 


Prof.  M'Kendrick,  M.D. 


"    }  Mr.  R.  R.  Tatlock.  Mb.  C.  Hope. 


ReUre  in  1884.    j  MR.  J.  J.  Coleman. 


'  Dr.  J.  J.  DOBBIE. 


Mr.  G.  G.  Henderson. 
Mr.  James  Park. 


Retire  in  1885, 


Mr.  Jas.  Snodgrass,  F.C.S.  Mr.  J.  Mayer,  F.C.S. 
Mr.  Chrystal.  Mr.  J.  B.  Hannay, 

F.R.S.E.,  F.C.S. 


SANITARY  AND  SOCIAL  ECONOMY  SECTION 
James  Christie,  M.A.,  M.D.,  President. 

Mr.  Kenneth  M.  Macleod,    )  vice- Presidents. 
John  Dougall,  M.D.,  J 

Eben.  Duncan,  M.D.,  4  Royal  Crescent,  Crosshill,  Secretary, 
Other  Members  of  Council. 


Mr.  James  Cleland  Burns. 
Andrew  Fergus,  M.D. 
Mr.  W.  R.  W.  Smith. 
Mr.  Alexander  Scott. 
Mr.  p.  W.  Dixon. 
Mr.  a.  Frew. 


Mr.  Archibald  Hewat. 
Mr.  W.  p.  Buchan. 
James  B.  Russell,  M.D. 
Mr.  H.  K.  Bromhead,  LA. 
Neil Carmichael,  M.D. 
Mr.  John  Farquhar. 


GEOGRAPHICAL  AND  ETHNOLOGICAL  SECTION. 

This  Section  was  formed  on  nth  April,  1883,  when  the  following  gentle- 
men were  appointed  Office-bearers  till  the  Annual  Meeting  of  the  Society,  in 
November,  1883:— 
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ADDITIONS  TO  THE  LIBRARY. 


DONATIONS.  Pbesentxd  by 

M^moires  de  M^t^orologie  Dynamique.  Par  E. 
Loomis,  The  Author. 

Sitzongsberichte  der  Koniglich-PreoBsischen 
AkademiederWisaenschafteD.    lto38.    1882.   The  Academy. 

Greenwich  Observations,  1880,  ....    The  Astronomer  Royal. 
Astronomical  Results,  1880,  „ 
Magnetical  and  Meteorological  Ob- 
servations, 1880,   „ 

Report  of  the  Smithsonian  Institution,  1880,        The  Institution. 

Report  of  the  York  Meeting  of  the  British  As- 
sociation, 1881,  The  Association. 

Report  of  the  Southampton  Meeting  of  the 
British  Association,  1882,      ....  „ 

Contributions  to  Meteorology.    By  £.  Loomis,  .    The  Author. 

Report  of  .the  Sanitary  Department  for  the  five 
years  ending  30th  April,  1882.  By  K.  M. 
Macleod,  The  Author. 

Report  of  the  Royal  Society  of  Tasmania,  1880,    The  Society. 

Isothermal  Lines  of  the  United  States,  1871-80,    U.S.  War  Department. 

Proceedings  of  the  Royal  Society  of  Edinburgh, 

1880-81,  The  Society. 

Our  Sanitary  Laws :  How  they  are  Administered. 
By  Dr.  Kirkwood,  Largs,       ....    The  Author. 

On  the  Principles  and  Practice  of  Life  Assurance. 

By  Archd.  Hewat,  F.F.A.,     .  .    The  Author. 

Sins  against  the  Laws  of  Health :  Illustrated  by 
the  Vital  Statistics  of  the  Crossbill  District. 
By  Dr.  E.  Duncan,  The  Author. 

Some  Observations  on  our  present  Methods  of 
Disposal  of  Human  Excreta,  and  their  relation 
to  the  spread  of  Epidemic  Disease.  By  Dr.  E. 
Duncan  The  Author. 

Fifty  Years  of  Sanitary  Legislation  in  Great 

Britain,  and  its  Results.    By  Dr.  E.  Duncan, .    The  Author. 
List  of  the  Foreign  Correspondents  of  the  Smith- 
sonian Institution,  The  Institution. 

Instructions  for  Observing  the  Transit  of  Venus,    The    Washington  Ob- 
6th  December,  1882,      .  .  -     .       .  servatory. 
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DONATIONS. 

Geological  and  Geographical  Survey  of  the  Terri- 
tories.   VI.  3.    By  F.  V.  Hayden,  . 

Greenwich  Spectroscopic  and  Photographic  Re- 
sults, 1881,  

On  the  Dimensions  of  Cast-iron  at  various 
Temperatures,  with  more  especial  reference  to 
the  Phenomena  of  the  Solid  floating  on  the 
Molten  Metal.    By  W.  J.  Millar,   .       .  . 

First  Annual  Report  of  the  Bureau  of  Ethnology 
to  the  Secretary  of  the  Smithsonian  Institution, 
1879-80.    By  J.  W.  Powell,  .... 

Transactions  of  the  North  of  England  Institute 
of  Mining  Engineers.    Vol.  XXXI., 

Medical  Pamphlets  of  Dr.  Andrew  Buchanan,  . 

Transactions  of  the  Institution  of  Engineers  and 
Shipbuilders  in  Scotland.    Vol,  XXV. ,  . 

Notes  on  the  Sand-covered  Districts  on  the  East 
Coast  of  A  berdeenshire.  By  "William  Ferguson, 

Report  on  the  Mortality  Experience  of  the  Aus- 
tralian Mutual  Provident  Society,  1849-78, 

Proceedings  of  the  Natural  History  Society  of 
Glasgow.    Vol.  v.,  1,  . 

Quain's  Anatomy.    Two  Vols.  1876, 

Klein's  Anatomy  of  the  Lymphatic  System,  1873, 

An  Introduction  to  the  Elements  of  Pharmacy. 
By  F.  H.  Lescher.  1869, 

Outlines  of  Practical  Histology.  By  William 
Rutherford.  1876,  

Animal  Physiology.    By  John  Cleland,  1874, 

Animal  Physiology.  By  J.  G.  M'Kendrick.  1876, 

A  Course  of  Elementary  Practical  Physiology, 
By  Foster  and  Langley.  1876, 

Outlines  of  Physiology  for  the  use  of  Students. 
Parts  1  and  2,  

Jahresberichte  Uber  die  Fortschnitte  der  Anatomic 
und  Physiologic.    1872-78.    Seven  Vols., 

Proceedings  of  the  Perthshire  Society  of  Natural 
Science.    Vol,  1,  2.    By  Allen  Thomson,  M.D. 

Report  from  the  Conmiittee  of  the  Technical 
College,  at  the  Sydney  Mechanics'  School  of 
Arts,  New  South  Wales,  .... 

Memoirs  of  the  Science  Department  of  the  Uni- 
versity of  Tokio.    Nos.  6  to  8.     1881,  . 

Transactions  of  the  Seismological  Society  of 
Japan.    Vol.  IV.,  

Ventilation  of  the  Guildhall,  London,  and  Report 
on  the  Ventilation  of  the  London  Custom 
House.  1882,  


PnESSXTKD  BT 

The  Author. 

The  Astronomer  Royal. 

The  Author. 

The  Institution. 

The  Institute. 
Mrs.  Buchanan. 

The  Institution. 

The  Author. 

Mr.  Archd.  Hewat. 

The  Society. 
Dr.  M*Kendrick. 


The  Society. 

The  Committee. 
The  University. 
The  Society. 
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DONATIONS.  Prbsentkd  by 

The  Sanitary  Aspect  of  Cooking  and  Heating  by 

Coal  Gas.   By  Dr.  Stevenson  Macadam.   1882,    The  Author. 
Monograph  of  the  Central  Parts  of  the  Nebula  of 

Orion.  By  Edward  S.  Holden.  1882,  .  .  U.S.  Naval  Observatory. 
Reports  upon  the  U.S.  Geographical  Surveys 

West  of  the  100th  Meridian.    Vol.  III.  Sup- 
plement—Geology.   1881,       .  ^      .U.S.  Government. 
Annual  Report  of  the  Comptroller  of  the  Cur- 
rency of  the  United  States.    1881,  .The  Comptroller. 
The  Calendar  of  the  Pharmaceutical  Society  of 

Great  Britain.    1883,  The  Society. 

Distribution  of  Rain  over  the  British  Isles  during  ^ 

1873-79.    7  Vols.    Compiled  by  G.  J.  Symons,    Dr.  Muirhead. 
Essay  on  Tobacco.    By  Henry  W.  Cleland. 

1840,  Mr.  J.  Cleland  Bums. 

The  Peel  Banquet.    1837.     By  James  Cleland, 

LL.D.,  

How  the  **Mastiflf"   went  to  Iceland.  By 

Anthony  Trollope.    1878,       ....  „ 
Journal  de  I'Ecole  Polytechnique.    Cahier  51. 

1882,  L'Ecole  Polytechnique. 

Catalogue  of  the  Pictures  and  Sculpture  in  the 

Corporation  Galleries  of  Art,  Glasgow,  1883,  .    Mr.  James  Paton. 
Sketch-Guide  to  the  Italian  Art  Loan  Exhibition, 

Corporation  Galleries,  Glasgow,  1882-3,  .       .  ,, 
Catalogue  of  the  Glasgow  Italian  Art  Loan  Ex- 
hibition, 1882-83,   ,, 

Guide  to  the  East  Glasgow  Loan  Exhibition, 

1883  

The  Patent  Bills  of  1883.    Private  Aims  and 

Public  Claims.    By  R.  A.  Macfie,  of  Dreghoru,    The  Author. 
Report  of  the  Kelvingrove  Museum  and  the 

Galleries  of  Art,  Glasgow,  1882,     .  .    The  Sub-Committee  of 

Verhandelingen  der  Koninklijke  Akademie  van      Parks  and  Galleries. 

Wetenschappen.    Natuurkunde.    Dl.  22,      .    The  Academy. 
,,  Letterkunde.     Dl.  15,  ,, 

Verslagcn  en  Mededeelingen,  Afd.  Natuurkunde, 

Dl.  17  

Verslagen  en  Mededeelingen,  Afd.  Letterkunde, 

Dl.  11,  

Jaarboek,  188J  

Processen-Verbaal,  Ibbl-b'J,       ....  >> 

Tria  Carmiua  Latina,   ^ 

Zaakregister.    Deel  1. — XII.,  .... 

Portugal  and  the  Congo  :  A  Statement.    1883,  .    The  Author. 

Copyright  and  Patents  for  Inventions.    Vol.  II. 

1883.    By  R.  A.  Mactie,  of  Dreghorn,    .       .    The  Author. 
Report  of  the  Mitchell  Library,  1882,        .       .    The  Library  Committee. 
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Minutes  of  the  Proceedings  of  the  Institute  of 

CivU  Engineers.   Vol.  LXXI.    1883,     .      .    The  Institute. 
Origines  CelticaB  ;  and  other  Contributions  to  the 

History  of  Britain.    By  Edwin  Guest,  LL.D. 

2  Vols  Mrs.  Guest. 

Manitoba  Historical  and  Scientific  Society.  5 

Nos  -.      .      .      .    The  Society. 

The  Scientific  Transactions  of  the  Royal  Dublin 

Society.    Vol.  I.,  Nos.  15-19 ;  Vol.  II.,  No. 

2.    1882,  The  Society. 

Proceedings  of  the  Royal  Dublin  Society.  Vol. 

III.,  5.  1882.  


BOOKS  BOUGHT. 

The  Revised  Theory  of  Light.    By  W.  Cave  Thomas.  1875. 

A  Manual  of  the  Infusoria.    Part  VI.    By  W.  Saville  Kent.  1882. 

Encyclopsedia  Britannica.    Vols.  XIV.,  XV.  1882-88. 

CEuvres  de  Lagrange.   Vols.  VI.,  VII.  1873-77. 

(Euvres  de  Laphwe.    Vol  V.  1882. 

Wagner's  Jahresbericht.  1881. 

The  Concepts  and  Theories  of  Modem  Physics.    By  J.  B.  Stallo.  1882. 
Animal  Intelligence.    By  G.  J.  Romanes.  1882. 
Journal  of  the  Geological  Society.    Vol.  XXXIV.,  Part  2. 
The  Zoologist.  1874-5. 
Science  Gossip.  1873-4. 

Association  Fran9ai8e.    9me  et  lOme  Sessions.    Reims  et  Alger.  1880-81. 

Journal  of  the  Iron  and  Steel  Institute.  1882. 

Text-Book  of  Geology.    By  Archibald  Geikie.  1882. 

Disease  of  Memory.    By  Th.  Ribot.  1882. 

The  Geological  Record.  1878. 

Jacobi's  Gesammelte  Werke.    Band  2.  1882. 

Life  of  James  Clerk  Maxwell.    By  Lewis  Campbell  and  William  Gamett. 
1882. 

A  Popular  Sketch  of  the  History  of  Glasgow.  By  Andrew  Wallace.  1882. 
(Euvres  d'Augustin  Cauchy.    Tome  I.  1882. 

Technological  Dictionary  in  the  English  and  German  Languages.    Part  1. 

English-German.  1882. 
Political  Institutions,  being  Part  5  of  the  Principles  of  Sociology.  By 

Herbert  Spencer.  1882. 
Man  before  Metals.    By  N.  Joly.  1883. 
Zoological  Record.    Vol.  XVIII.  1881. 
Electric  Illumination.    Vol.  I.    By  James  Dredge. 
Elementary  Rigid  Dynamics.    By  E.  J.  Routh.  1882. 
The  International  Scientists'  Directory.    By  S.  E.  Cassino.  1882. 
The  Science  of  Politics.    By  Sheldon  Amos.  1883. 
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An  Elementary  Treatise  on  Electricity.    By  J.  Clerk  Maxwell.  1881. 

Mathematical  Papers.    By  W.  Kingdom  Clifford.  1882. 

Observations  on  the  Construction  of  Healthy  Dwellings — namely  Houses, 

Hospitals,  Barracks,  Asylums,  &c.  1880. 
Physics  of  the  Earth's  Crust.    By  Osmond  Fisher.  1881. 
Elementary  Meteorology.    By  R.  H.  Scott.  1883. 
The  Statesman's  Year  Book.  1883. 
L*Ann^e  Scientifique  et  Industrielle.  1883. 

Handbook  of  the  Polariscope,  and  its  Practical  Applications.    By  H. 
Laudolt.  1882. 

The  Scottish  Language  as  illustrating  Civilisation  in  Scotland.  By 

Francesque  Michel.  1882. 
The  Coal  and  Iron  Industries  of  the  United  Kingdom.    By  Rich.  Meade. 

1882. 


The  Philosophical  Society  Exchanges  with  the 
FOLLOWING  Societies,  <kc. : — 


Academia  Real  Das  Sciencias  de  Lisboa,   .  Lisbon. 

Academy  of  Natural  Sciences  of  Philadelphia,  .  Philadelphia. 

Academy  of  Science,   Connecticut. 

Academy  of  Science,   St.  Louis. 

American  Academy  of  Arts  and  Sciences,  .  Boston. 

American  Pharmaceutical  Society,    ....  Philadelphia. 

American  Philosophical  Society,       ....  Philadelphia. 

Anthropological  Institute,   London. 

Astor  Library,  New  York,   New  York. 

Library  of  Royal  Observatory,   Melbourne. 

Bath  Natural  History  and  Antiquarian  Field  Club,  .  Bath. 

Belfast  Natural  History  and  Philosophical  Society,  .  Belfast. 

Berwickshire  Naturalists'  Club,       ....  Alnwick. 

Biblical  Archaeology,   London. 

Birkenhead  Literary  aud  Scientific  Society,  Birkenhead. 

Birmingham  Philosophical  Society,   ....  Birmingham. 

Boston  Natural  History  Society,       ....  Boston. 

Boston  Public  Library,  „ 

Botanical  Society  of  Edinburgh,       ....  Edinburgh. 

Bristol  Naturalists'  Society,   Bristol. 

Buffalo  Society  of  Natural  Sciences,  ....  Buffalo. 

Bureau  Scientifique,  Central  Neerlandais, .  Harlem. 

California  Academy  of  Sciences,       ....  California. 

Cambridge  Philosophical  Society,     ....  Cambridge. 

Canadian  Institute,   Canada. 

Chemical  Society,   London. 

Cleveland  Institution  of  Engineers,  ....  Middlesborough. 

Commissioners  of  Patents,   London. 

Davenport  Academy  of  Natural  Sciences,  .  Davenport,  Iowa. 
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Die  Deutsche  Chemische  Gesellschaft,  Berlin. 

Dublin  University  Biological  Association,  .  Dublin. 

Ecole  Polytechnique,   Paris. 

Edinburgh  Geological  Society,   Edinburgh. 

Entomological  Society  of  Ontario,     ....  London,  Ontario. 

Epping  Forest  and  County  of  Essex  Naturalists'  Field  Buckhurst  Hill, 

Club,  Essex. 

Franklin  Institute,   Philadelphia. 

Geographical  Society,   Geneva. 

Geological  Society  of  Glasgow,   Glasgow. 

Geological  Survey  of  Canada,   Montreal 

Geological  Survey  of  India,   Calcutta. 

Glasgow  Archroological  Society,        ....  Glasgow. 

Hertfordshire  Natural  History  Society  and  Field  Club,  Watford,  Herts. 

Historic  Society  of  Lancashire  and  Cheshire,  Liverpool. 

Institution  of  Civil  Engineers,   London. 

Institution  of  Engineers  and  Shipbuilders  in  Scotland,  Glasgow. 

Institution  of  Mechanical  Engineers, ....  Birmingham. 

Institution  of  Mechanical  Engineers   London. 

Insurance  and  Actuarial  Society  of  Glasgow,  Glasgow. 

Kasan  Imperial  University,   Kasan. 

Kon.  Akademie  van  Wetenschappen,  Amsterdam. 

Leicester  Literary  and  Philosophical  Society,  Leicester. 

Literary  and  Historical  Society  of  Quebec,  Quebec. 

Literary  and  Philosophical  Society  of  Leeds,  Leeds. 

Literary  and  Philosophical  Society  of  Liverpool,  Liverpool. 

Literary  and  Philosophical  Society  of  Manchester,    .  Manchester. 

Liverpool  Geological  Society,   Liverpool, 

Liverpool  Polytechnic  Society,   Liverpool. 

London  Greological  Society   London. 

Manchester  Scientific  Students'  Association,  .  Manchester. 

Manitoba  Historical  and  Scientific  Society,  Winnipeg. 

Meteorological  Observatory,   Montsouris,  Paris. 

Middlesex  Hospital,   London. 

Midland  Institute  of  Mining  Engineers,  Bamsley. 

Mining  Institute  of  Scotland,   Hamilton. 

Mus^e  Teyler,   Harlem. 

National  Academy,   Washington. 

National  Observatory,   , , 

Natural  History  Society  of  Glasgow,  ....  Glasgow. 

Naturalists'  Union,   Hudderstield. 

Newcastle-upon-Tyne  Chemical  Society,   .  Newcastle-on-Tyne. 

New  York  Academy  of  Sciences,      ....  New  York. 

New  Zealand  Institute,   Wellington. 

North  of  England  Institute  of  Mining  Engineers,  Newcastle-on-Tyne. 
N.  Staffordshire  Institute  of  Mining  and  Mechanical 

Engineers,   London. 

Observatoire  Royal  de  Bruxelles,      ....  Bnixelles. 

Odontological  Society   London. 


Exchanges  with  other  Societies. 
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Ohio  Mechanics'  Institute,   Cincinnati. 

Pharmaceutical  Society,   London. 

Photographic  Society,   „ 

Philadelphia  Alumni  Association,     ....  Philadelphia. 

Physical  Society  of  London,   London. 

Physico-Chemical  Society,  University  of  St.  Peters- 
burg,   St.  Petersburg. 

Powys-land  Club,   Liverpool. 

Publisher  of  Engineering   London. 

Registrar-General,   Melbourne. 

Royal  Academy  of  Science,   Berlin. 

Royal  Academy  of  Science   Brussels. 

Royal  Academy  of  Science,   Stockholm. 

Royal  Astronomical  Society,   London. 

Royal  Cornwall  Polytechnic  Society,  Falmouth. 

Royal  Dublin  Society   Dublin. 

Royal  Geographical  Society,   London. 

Royal  Geographical  Society,   Vienna. 

Royal  Institute  of  British  Architects,  London. 

Royal  Institute  of  Lombardy,   Milan. 

Royal  Institution  of  Cornwall,   Truro. 

Royal  Institution  of  Great  Britain,    ....  London. 

Royal  Lrish  Academy,   Dublin. 

Royal  Microscopical  Society,   London. 

Royal  Physical  Society  of  Edinburgh,  Edinburgh. 

Royal  Scottish  Society  of  Arts,  

Royal  Society  of  Edinburgh,   ,, 

Royal  Society  of  London,   London. 

Royal  Society  of  Tasmania,   Hobart  Town. 

Royal  Society  of  Victoria,   Melbourne. 

School  of  Mines,   New  York. 

Scottish  Meteorological  Society,       ....  Edinburgh. 

Seismological  Society  of  Japan,   Tokio. 

Smithsonian  Institution,   Washington. 

Social  Science  Association,   London. 

Soci(^t4  des  Sciences  Physiques  et  Naturelles,  Bordeaux. 

Soci^t^  Royal  des  Sciences  de  Li^ge,  ....  Li^ge. 

Society  of  Arts,   London. 

Society  of  Engineers,  ,, 

South  Wales  Institute  of  Engineers   Swansea. 

Statistical  Society,   London. 

United  States  Geologist,   Washington. 

United  States  Observatory,   ,, 

United  States  Survey,   „ 

University  of  Christiania,   Christiania. 

University  of  Tokio,  Japan,   Tokio,  Japan. 

Verein  flir  Erdkunde  zu  Halle,   Halle. 

Videnskabs-Selskabet  i  Christiania,  ....  Christiania. 

Washburn  Observatory — University  of  Wisconsin,    .  Washburn. 
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LIST  OF  PERIODICALS. 


WEEKLY. 


Academy. 

Architect. 

Athenffium. 

British  Architect. 

British  Medical  Journal. 

Builder. 

Building  News. 

Chemical  Sewa. 

Comptes  Rendus. 

Dingler's  Poljrtechnisches  Journal. 

Electrician. 

Engineer. 


Engineering. 
English  Mechanic. 
Iron. 

Journal  of  the  Society  of  Arts. 
Journal  of  Gas  Lighting. 
Nature. 

Notes  and  Queries. 
Pharmaceutical  Journal. 
Science. 

Scientific  American. 
Telegraphic  Journal. 


FORTNIGHTLY. 
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Aurania,  measurement  of,  149. 

Austria,  frozen  nitro-glycerine  in,  277. 

Australia,  92,  97. 

Authorities,  Local,  42. 

Authority,  Local,  99,  1 16. 

Authorities,  City,  reference  to,  129. 

Authority,  Sanitary,  100. 

Axophyllum,  433 ;  expansum,  434. 

Bahr-el-Ghaasal.  209. 
Ballard,  Dr.,  London,  41. 
Banana,  210. 

Bandame,  rainfall  at,  198. 

Bangala,  the,  212. 

Bangweolo,  Lake,  214. 

Bantu,  the,  198,  210. 

Barilla,  manufacture  of,  259. 

Baronsfather,  Mr.  W.  N.,  proposal  of,  530; 


bearers  of,  557. 

Birkenhead,  123. 

Birmingham,  123. 

Bishopriggs,  quarry  at,  23. 
I  Blades,  propeller,  preservation 
I  Black,  James,  98. 

Blackridge,  Dumfriesshire,  392 

Black  ridge,  402. 

Blackbridge,  Dumfriesshire,  3i 
327,  329,  330. 

Blackburn,  123. 

Blackford,  Lord,  123. 

Blantyre,  201. 

Blochaim,  steel  works  at,  162. 
Blue  rock,  49. 
Board  Police,  99. 
Board  of  Supervision,  115. 
Board  of  Tnuie  Surveyor,  the,  ] 
Board  of  Works,  Metropolitan, 
Boghead,  Lesmahagow,  331,  34 
408. 

Boilers,  preser\'ation  of,  139. 
Bolton  &  Watt,  reference  to,  13 
Bongas,  the,  210. 
Books,  bought,  562. 
Bornu,  the  capitid  of,  209. 
Bothwell  Park  Stone,  25.  20. 
Bou^hwood,  Beith,  362,  363. 
Bovine  Scourges,  the  four,  by  ■\A 
Bradford,  weaving  schools  in,  II 
Bradford,  123. 

Braidwood,  Lanarkshire,  326,  4( 
BramwcU,  Sir  Fred.,  98. 
Brazza,  M.  de,  reference  to,  210 
Broadstono,  442. 
Bristol,  the  W.  Matthew  of,  13; 
Bristol,  museums  of,  reference  t 
Britain,  Great,  evcniog  classes  i 
Britain,  Great,  ships  and  shippii 
132. 

Britain,  typhoid  in,  41. 


Index. 


581 


Broxburn  Oil  Coy.,  29. 
Briinner  &  Mond,  the  ammonia  soda  pro- 
cess of ,  262. 
Bryozaries,  318. 

Buenos  Ayrean,  reference  to,  138. 
Buchan,  Alex.,  M.A.,  F.R.S.E.,  election  as 

corresponding  member  of,  535. 
Buchan,  Mr.,  W.P.,  on  a  new  kind  of 

pump,  521. 
Buchner,  reference  to,  213. 
Buildings,  statement  of  cost  of,  550. 
Building  Stones,  the  decay  of,  22. 
Buiue,  the,  209. 
Bullock  carts,  168. 
Bultfontein,  the,  mine,  49. 
Bums,  Mr.  J.  Cleland,  127. 

Cabbage  (decayed),  action  on  milk  of,  46. 
Cabot,  Sebaatiano,  discovery  of  Newfoimd- 

land  by,  135. 
Csesar,  boats  used  by,  134. 
Caliche,  in  South  America,  261. 
Calicular  gemmation  of  corals,  304. 
Calophyllum,  312. 

Calophyllum,   358,   359,  360,   381,   3(52  ; 

Danai,  361. 
Cameron,  exploration  of,  214. 
Cameron,  testimony  of,  as  to  slave  trade, 

199. 

Campanil,  163,  statistics  of,  168. 
Camphor,  action  on  milk  of,  46. 
Campophyllum,  312,  375;  Murchisoni,  375, 

376,  377;  cylindrica,  377,  373;  (canina) 

gigantea,  378;  ]mracida,  419. 
Canal,  the  Forth  and  Clyde,  ship  used  on, 

136. 

Cape  Colony,  Governor  of,  48. 

Capello,  reference  to,  213. 

Cape  Maclear,  rainfall  at,  198. 

Cape  Verd,  199. 

Caicuo  s  To^\^l,  203. 

Carbon  cement,  composition  of,  255. 

Carcel  lamp,  reference  to,  82. 

Carcinophyllum,  455;  Kirsopi,  456. 

Carpenter,  Dr.,  123. 

Cartcraigs,  Dunbar,  345. 

Cartcraig.  402,  403. 

Carts,  Bullock,  168. 

Carnallit,  discovery  of  bed  of,  260. 

Catakn,  process,  the,  163. 

Cathedrals,  English,  29. 

Cement,  carbon,  composition  of,  255. 

Centrocellulosum,  371,  452;  densothecum 

intermetlium,  453;  cylindrocum,  454. 
Centrophyllum,  304,  467;  bicentricum,  469; 

subcentricum,  470. 
Cha?tetes,  347,351. 

Charlestown,  346,  412,  413,  423,  424,  431, 

434,  449,  453,  454,  462,  488. 
Charleston  quarry,  361. 
Chemical  affinity.  Dr.  Wallace  on,  623. 


Chemical  Section,  address  to,  by  R.  R. 

Tatlock,     F.R.S.E,,     F.I.C.,  F.C.S., 

President,  257. 
Chemical  Section,  list  of  office-bearers  of, 

552. 

Chemical  Section,  report  of  the,  548 ;  list  of 
papers  read,  549. 

Cheese  (stale)  action  on  milk  of,  46. 

Chili,  Peruvian  war,  the,  261. 

Chilomanas  Paramecium,  32. 
I  China,  edible  al^a  in,  242. 
'  Chipitula,  the  Makololo  chief,  202. 
I  Chloroform,  action  on  milk  of,  46. 

Chondrus  crispus,  uses  of,  242. 

Chris tiania,  treatment  of  disease  in,  129. 

Christie,  Dr.,  125. 

Church.  Mr.,  W.R.M.,  proposed  election 

of,  522;  election  of,  530. 
Church,  St.  George's,  removal  of,  184. 
Chungu  country,  the,  202. 
Chungus,  the,  aid  in  exploration,  by,  216. 
Citric  acid,  determination  of,  177. 
City  authorities,  reference  to,  129. 
City  Improvement  Trust,  102. 
Civil  engineers,  meeting  of  Institute  of,  87. 
Cladochonus,  318;  crassa,  319,  323;  eras- 

sus,  324;  Bacillarius,  324;  giganteus,  325  ; 

antiqua,  326;  Michelini,  326;  minutus,  327. 
Claim,  49. 

Clark,' Mr.  C.  J.,  on  induction  intensity, 

coils,  &c.,  537. 
Clark,  Dr.,  paper  on  the  volumetric  process 

for  the  estimation  of  cobalt  and  nickel, 

293,  549. 
ClilFord,  reference  to,  352. 
Clisiophyllum,  439  ;  bibartitum,  441 ;  ob- 

longum,  442  ;  subimbricatum,  conosep- 

turn,  M'Coyanum.  intermedium,  443. 
Closing  address  to  the  architectural  section, 

by  James  Sellars,  Jun.,  180. 
Cloudy  sky,  approximate  photometric  mea- 
surement of,  80. 
Club,  Ruskin,  reference  to,  108. 
Clyde,  Firth  of,  allusion  to,  127. 
Clyde,  Roman  Wall  at,  22. 
Coal  gas,  action  on  milk,  45. 
Cobalt  and  nickel,  volumetric  process  for 

the  estimation  of,  293. 
Cochran,  Mr.  R.,  appointment  as  auditor 

of,  523. 
Cock  of  Arran,  the,  487. 
Cold,  the  preservation  of  footl  by,  86. 
College  of  Science,  Yorkshire,  Leeds,  19. 
Colony,  Cape,  governor  of,  48. 
Colomal  Institute,  Royal,  97. 
Columbus,  discovery  of  America  by,  136. 
Coleman,  J.  J.,  F.I.C.,   F.C.S.,  on  the 

preservation  of  footl  by  cold,  86,  633. 
Coleman,  Mr.  J.  J.,  paper  on  the  progress 

of  manufacture  of  colours  from  coal  tar 

by,  549. 
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Comet,  the  building  of  the,  136. 
Commerce,  Maritime,  156. 
Commercial  Dictionary,  M*Culloch*8,  97. 
Commercial  Geography,  197. 
Commercial  Organic  Analysis,  Allen's,  77. 
Commission,   Koyal,   respecting  smallpox 

and  fever  hospitals,  report  of,  123. 
Commission,  Royal,  on  technical  education, 

4,  8,  10. 

Commissioners,  in  possession  of  Scotch 
educational  endowments,  6. 

Commissioner,  Royal,  on  technical  educa- 
tion, 8. 

Committees,  list  of,  556. 

Committee,  Select,  of  the  House  of  Com- 
mons, 111. 

Compass,  Sir  W.  Thomson's,  142. 

Conference  of  Electric  Units,  Meetiug  of  in 
Paris,  82. 

Cougo,  Forests  in,  198. 

Congo,  the,  or  Livingstone,  or  Zaire,  209. 

Conservative,  practitioner  a,  41. 

Continent,  schools  for  teaching  trades  in,  19. 

Corallum,  relation  between  soft  body  and 
skeleton  of,  305 ;  diflferent  parts  of,  307  ; 
wall,  307;  septa,  308;  columella,  309; 
costa,  309  ;  endotheca,  309. 

Corals,  on  the  development  of  the,  in  Scot- 
land, carboniferous  system  of,  by  J. 
Thomson,  296. 

Corals,  diagnostic  classification  of,  316. 

Corah,  gemmation  of,  304. 

Corals,  generic  relations  of,  314. 

Corals,  reproduction  and  multiplication  of, 
303. 

Corals,  soft  tissue  of  the  animals  forming, 
301. 

Comularia,  318. 
Corrie  Burn,  402. 
Corshill  Stone,  25,  26. 
Corresponding  Members,  list  of,  569. 
Corrie  Mines,  Arran,  the,  487. 
Council,  election  of  members  of,  511. 
Council,  Town,  103,  109. 
Council,  report  as  to  gas,  electricity,  Ac, 
by,  621. 

Cowan,  John,  paper  on  Knots  in  Timber, 
by,  647. 

Cowan,  John,  reference  to  paper  by,  186. 
Craig,  Mr.  R.,  Langside,  329. 
Craigenglen,  415. 
Craigleith  Stone,  24,  26. 
Creasote,  action  on  milk  of,  46. 
Cumberland,  hematite  pig-iron  in,  161. 
Cunard  Line,  87. 
Cunard  Line,  ship  of  the,  140. 
Cunningham,  Braidland,  Dairy,  333,  337, 

338,  339,  340,  341.  414,  428,  429. 
Curphey,  Mr.,  W.S.,  proposal  of,  632, 

election  of,  533. 
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Cyathophyllum,  390;  regium,  312:  Murchi- 

sonia,  392 ;  cuspidaphyllia,  393 ;  Wrighti, 

381  ;  echinata,  381. 
Cyclophyllum,  315, 490 ;  pachyendothecum, 

fungites,  493  ;  concentricum,  curvilineare, 

494 ;  paradoxicum,  495. 
Cyatliaxouia,   426 ;    cornua,  domiformis, 

Newburyi,  428:  cyathaminuta,  429. 
Cyathaxouia,  cohiniella  in,  309. 
Cyathophyllidaj,  302,  315. 
Cyathopsis  comu-bovis,  374. 
Cymateophyllum,  471;  concentricum,  Hark- 

nessi,  472. 

Dalziell,  steel  works  at,  162. 

Dana,  the  works  of,  298. 

Dana,  Professor,  references  to,  310,  361. 

Dansken,  John,  paper  by,  181,  528. 

Darwin,  the  works  of,  21)8 

Davidson.  W.  S.,  of  Edinburgh,  92. 

Dawson.  Principal,  election  as  honorary 

member  of,  53a. 
Dean  of  Guild  Court,  jurisdiction  of,  187. 
Decay,  the,  of  building  stones,  22. 
Decade  1871-80  in  Glasgow,  the;  a  sanitary 

retrospect,  by  Dr.  Russell,  reference  to, 

116. 

Delegates  to  British  Association,  appoint- 
ment of,  543. 

Denny  &  Brothers,  Wm.,  Dumbarton,  137. 

Densiphyllum  Dibowsky,  337,  339  ; 
Dibowskei,  355. 

Densyphyllum,  445 ;  granulatum,  446 ; 
mammulatum,  Charlestonensis,  minu* 
tum,  447. 

Derby,  Jjord,  speech  of,  153. 

Detonation,  explosion  of  nitro-clycerine  by, 
278. 

Dewar,  Jas.,  M.A.,  F.R.S.,  L.  &  E.,  elec- 

tion  as  corresiK)nding  member  of,  535. 
Diamonds,  48. 
Diastipora,  351. 
Diatomaceo?,  353. 

Dibunophylium,436;  splendens,  M 'Cheaneyi, 
438. 

Dictionary,  commercial,  M*Culloch*s,  97. 
Diphyllum,  381 ;  concinnum,  fasciculatum, 

interruptum,  384  ;  approximatnm,  385  ; 

mode  ofreproductionm,  305,  381 ;  gracile, 

latiseptum,  382. 
Diplocyathophillidffi,  302,  316,  483. 
Disease,  the  prevention  and  mitigation  of, 

in  Draft  Glasgow  Police  BiU,  99. 
Diseases  zymotic,  dissemination  by  milk 

of,  41. 

Dixon,  Yj.  M.,  B.Sc,  on  technical  educa- 
tion, 4. 

Dobbie,  Dr.,  paper  on  resins  known  as 

dragon's  blood  by,  649. 
Donegal,  use  of  fucus  vesiculosus  in,  242. 
Dongola,  the  people  of,  199. 
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Dougall,  John,  M.D.,  on  milk  and  milk 

pollution,  41,  648. 
Douglashall  Mines,  the,  260. 
Draper,  37. 

Du  lieers,  the.  Mine,  49. 
Dumas,  reference  to,  82. 
Duncan,  Kben.,  M.D.,  F.F.P.S.G.,  on  the 

clauses  in  the  draft  Glasgow  Police  Bill 

which  have  reference  to  the  prevention. 

and  mitigation  of  disease,  99,  129,  531, 

534,  548. 
Duncan,  Dr.,  memoir  by,  305. 
Duncan,  Dr.,  reference  to  table  of,  120. 
Duncan,  Dr.,  P.M.,  F.G.S.,  reference  to,  415. 
Duncan,  the  works  of,  298. 
Dundee,  mortality  in,  111. 
Dunedin,  sailing  vessel,  92. 
Dunlop,  Mr.  Nath.,  ou  ships,  ancient  and 

modem,  132,  536. 
Dunlop,  Mr.  Robert,  reference  to,  451. 
Dunmore  stone,  26. 

Durham  coke,  freight  to  Spain  of,  170. 
Duties,  for  the  province  of  Mozambique, 

import  and  export,  219.' 
Durnish,  Limerick,  377. 
Dutch,  shipbuilding  by,  135. 
Dutoitspan,  the.  Mine  of,  49. 
Duthiers,  the  works  of,  298. 
Dynamite,  exhibition  of  specimens  of,  in 

1868,  271  ;  notes  on,  &c.,  by  George 

M»Roberts,  F.C.S.,  273. 

Earthquakes,  on  a  new  apparatus  for  observ- 
ing nature  of  motions,  Ac,  in  earthquakes, 
by  Thomas  Gray,  B.8c.,  F.R.S.E.,  221. 

East  India  Company,  135. 

Edinburgh,  city  of,  185  ;  death  rate  in,  105; 
mortality  in.  111. 

Edinburgh,  W.  S.  Davidson  of,  92. 

Education,  secondary,  elementary,  20. 

Education,  on  technical,  by  David  Sande- 
man  and  E.  M.  Dixon,  B.Sc,  4;  Royal 
Commission  on,  4,  8,  10. 

Education,  technical,  Royal  Commission 
on,  8. 

Ekiwards,  M.,  reference  to,  315. 

Edwards,  the  works  of,  298. 

Eglinton  Street,  manure  depot  at,  130. 

Egypt,  ancient  records  of,  200. 

Egypt,  Khedive  of,  87. 

Egypt,  monuments  of,  22. 

Electricity,  report  by  Council  as  to  appa- 
ratus for  utilisation  of,  521. 

Electric  Lights,  approximate  photometric 
measurement  of,  80. 

Electrogen,  Hannay's,  140. 

Electrometer,  Lippmann's  capillaiy,  Dr. 
M'Kendrick  on,  37. 

Elementary  Education,  20. 

Elementary  School  in  relation  to  work- 
shops, 5. 


Elementary  Schools  in,  9. 

Elton,  Capt.,  expedition  of,  201. 

England,  making  of  bricks  in,  182. 

English  Cathedrals,  29. 

English  Grammar  in  elementary  schools,  5. 

Enteromorpha  compressa,  254. 

Epidemiological  Society,  the,  of  London, 

116. 
Erman,  37. 

Euchemia  spinosa,  jelly  from,  243. 
Europe,  eany  inhabitants  of,  134. 
European  mail,  98. 
Exchanges,  563. 

Fairweather,  Wallace,  C.E.,  Fellow  of  the 
Institute  of  Patent  Agents,  on  Struthers' 
process  for  pulverizing  diamondiferous 
ore,  48,-534. 

Falls,  the  Victoria,  200. 

Faraday,  37. 

Fasciculophyllum,  416,  448;  Dybowski,  449; 

magnificum,  450. 
Favosites,  345,  349;  parasitica,  349. 
Felkin,  Dr.,  on  slavery,  199. 
Felling-on-Tyne,  recovery  of  ammonia  at, 

264. 

Fenwick,  Ayrshire,  389. 
Fergus,  Dr.,  121. 

Ferguson,  Mr.   Thos.,   proposal  of,  530; 

election  of,  532. 
Ferguson,  Prof.,  paper  on  the  discovery  of 

pliosphorus  by,  549. 
Fertilisation,  the,  of  flowers,  by  Prof.  Alex. 

S.  WUson,  M.A.,  B.Sc,  225. 
Fever  Hospital,  Glasgow,  130. 
Fever,  Scarlet,  tables  of.  111. 
Fever,  Typhus,  in  Glasgow,  102;  typhoid, 

105. 
Fezzan,  209. 

Ficus  elastica,  planting  of,  215. 
Fine  Arts,  Royal  Academy  of,  185. 
Firth  of  Clyde,  allusion  to,  127. 
Fish  (putrid),  action  on  milk  of,  46. 
Fissiparous  growth,  305. 
Fistulipora,  351. 

Fleeminc  Jenkin,  Professor,  reference  to 

paper  by,  193. 
Fletcher,  Mr.  Banister,  text-book  by,  189. 
Flowers,  the  fertilisation  of,  by  Professor 

Alex.  S.  WUson,  M.A.,  B.Sc,  225. 
Fola  Rapids,  the,  208. 
Food,  on  the  preservation  by  cold  of  by 

J.  J.  Coleman,  F.I.C.,  F.C.S.,  86.  ' 
Foreign  trade,  153. 

Forth  and  Clyde  Canal,  ship  used  on,  136. 

Forth,  railway  bridge  over,  2. 

Forth,  Roman  wall  at,  22. 

Foulis,  Mr.  Wm.,  C.E.,  on  Dr.  Siemens' 

regenerating  gas  burners,  503. 
Fowler,  Sir  John,  C.E.,  94. 
France,  compass  used  in  navy  of,  144. 
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France,  schools  for  teaching  trades  in,  19. 

France,  shipping  laws  of,  150. 

France,  standara  of  light  in,  82. 

French  in  elementary  schools,  5. 

Frere,  Sir  Bartle,  statement  by,  216. 

Fryer,  Messra ,  of  Nottinghan),  108. 

Fucus  vesiculosus,  use  of,  in  Donegal,  242 ; 
analysis  of  salts  in,  249;  analyses  of 
macerations  of,  251 ;  nodosus,  serratus, 
254. 

Fumess,  hematite  iron  at,  161. 
Fnscnlapora,  347. 

Gairdner,  Professor,  116. 
Galleasse,  the,  description  of,  135. 
GameshiU,  494. 

Gamma,  Vasco  de,  voyages  of,  135. 

Garsewater.  near  Muirkurk,  345.  * 

Gartoherrie,  apparatus  for  condensing  am- 
monia at,  262. 

Gas,  report  by  Council  as  to  apparatus  for 
the  utilization  of,  521. 

Gateside,  438. 

Gaul,  navigation  to,  134. 

Gibb,  Mr.  P.,  proposal  of,  533;  election  of, 
535. 

Gelatine,  blasting,  notes  od,  &c.,  by  George 

M*Roberts,  F.C.S.,  273. 
Gelideum  comium,  gelose  in,  243. 
Gelose,  use  of,  243. 
Gemmation,  calicular,  of  corals,  304. 
Gemmation,  latro-calicular,  305. 
Genoese  vessel,  drawing  of,  135. 
Creographical  and  Ethnological  Section,  list 

of  office-bearers  of,  552. 
Geographical   and   Ethnological  Section, 

motion  by  Mr.  Scott  for  the  formation 

of,  538. 

Geographical  and  Ethnological  Section, 
report  by  Mr.  Scott  as  to,  541 ;  appoint- 
ment of  office-bearers  of,  542. 

Geographical  and  Ethnological  Section, 
report  draft  constitution  of,  539. 

Geographical  Society,  the  Hoyal,  map  for, 
197. 

Geological  Magazine,  reference  to,  481. 
Geological  Surveys*  Memoirs,  329. 
Geography,  Commercial,  197. 
George  s  Church,  St. ,  removal  of,  184. 
German  Chemical  Manure  Makers,  Congress 
of,  265. 

Germany,  schools  for  teaching  trades  in, 
19. 

Germany,  secondary  schools  in,  13. 
(Tcwerbeschulc,  the,  13. 
Gerboin,  37. 

(Gilchrist,  Mr.,  statistics  of  output  of  basic 

steel,  by,  270. 
Gillespie,  Mr.,  Ed.,  proposed  election  of, 

524;  election  of,  530. 
Gladstone,  Mr.,  reference  to,  153. 


Glasgow,  buildiugs  in,  183. 
Glasgow,  city  of,  185. 
Glasgow,  experiment  on  sunlight  at,  83. 
Glasgow  Fever  Hospital,  130. 
Glasgow  Institute  of  Architects,  186. 
Glasgow,  mortality  in,  111. 
(^Ilasgow  Police  Bill,  draft  on  some  clauses 
in,  99. 

(xlasgow  Police  Board,  41. 

<  ilasgow,  Sanitary  Protection  Association 

of,  IvSo. 
Glasgow  University,  102, 
Glasgow,  weaving  schools  in,  19. 
Glassford,  Mr.,  reference  to  paper  by,  260. 
Glen's  Institution,  14. 
Glenmuirshaw  Water,  409. 
Goldie,  John,  paper  on  brick-making  and 

brick-building  by,  182,  528. 
Gooii  Hope,  Cape  of,  135. 
Gordon,  General,  estimate  of,  as  to  slaves, 
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Henderson,  D.  &  W.,  reference  to,  141. 
Henderson,  Mr.  G.  (i.,  paper  on  resins, 

known  as  dragons'  blood,  by,  549. 
Hennicke  &  Goes,  Messrs.,  Hamburg,  9G. 
Henry  VII.,  reference  to,  135. 
Henry  VIII.,  reference  to  times  of,  135. 
Henry,  37. 
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Hydrozoa— auloporidee,  321 ;  syringoporidse, 
328. 

Hydrozoa,  classification  of,  316. 
Hygeia,  125. 

Hypophosphorous  acid,    action  of  heat, 
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71;  with  alumina,  72;  with  nitrates  of 
sodium  and  potassium,  73 ;  in  relation  to 
determination  of  soda  in  borax,  73;  do. 
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List  of  Honorary  Members,  551. 
Uthostrotion,  338,  416,  325,  381,  397; 

basaltiform,  ensifer,  cyathophyllia,  399  ; 

scptosum,  aranea,  400;  junceum,  385  ; 

clavatica,  Flemin^i,  401  ;  Portlocki, 
I    M*Coyanum,  402;  jimceum,  403;  irrcgu- 

lare,  Xiartini,  Phillipsi.  404. 
Litmus,  56,  57. 

Litmus,  methyl,  orange,  phenacetolin,  and 
phenolphthalein,  on  the  use  of  as  indi- 
cators, by  Robert  T.  Tliomson,  50. 

Littlejohn,  Dr.,  Edinburgh,  121. 

Liverpool,  123. 
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Orange  Free  State,  49. 
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Orange  River  district,  48. 
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Peel,  Mr.  A.  W.,  123. 
Peninsular  and  Oriental  Co. ,  86. 
Penrith,  Dr.  Tayloi-,  41. 
Periodicals,  list  of,  566. 
Perkin,  Mr.  W.  H.,  F.R.S.,  reference  to 
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Phillipsastroea,  394;  radiata,  321,  396; 

tuberosa,  396. 
Philopater  Ptolemy,  galley  of,  134. 
Philosophical  Society  of  Glasgow,  transac- 
tions of,  345. 
Phosphate  of  Sodium,  valuation  of,  177. 
Phosphoric  Acid,  action  of  heat,  &c.,  upon 

the  water  salts  of,  288. 
Phosphoric  Acid,  valuation  of,  177. 
Phosphorous  Acid,  action  of  heat,  Ac,  upon 

the  water  salts  of,  288. 
Phosphorus,  the  chlorides  of,  their  action 

upon  its  acids,  288. 
Pinto,  Serpa,  the  traveller,  opinion  of,  202. 
Pogge,  reference  to,  213. 
Police  Bill,  reference  to,  186. 
Police  Bill,  Glasgow,  draft,  on  some  clauses 

in,  99. 

Police  Board,  Glasgow,  99. 
Polmaise  Stone,  24,  26. 
Pollock,  Dr.  R.,  proposal  of,  533 ;  election 
of,  535. 

Pollution  of  milk,  by  John  Dougall,  M.D., 
41. 

Polyp,  organisation  of  the  body  of,  306. 

Polypari©,  311. 

Ports,  reference  to  various,  86. 
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Port  Chalmers,  92. 

Port-Glasgow,  John  &  Charles  Wood  of, ! 

136.  ! 
Portal^s,  L.  F.  de,  reference  to,  311. 
Portugal,  African  Colonies  of,  218. 
Portuguese,  explorations  of,  200. 
Portuguese,  shipbuilding  by,  135. 
Pouillet,  reference  to,  81. 
Preservation  of  boilers,  the,  139. 
Preservation,  the,  of  food  by  cold,  86. 
Preservation  of  propeller  blades,  the,  140. 
Prevention,  the,  and  mitigation  of  disease 

in  draft  Glasgow  Police  Bill,  99. 
Price,  Mr.  Rees,  proposal  of,  533;  election 

of,  635. 

Proceedings,  the,  of  the  Society,  reference 
to,  365. 

Proceedings,  Philosophical  Society's,  refer-? 

ence  to,  477. 
Process  for  pulverising  diamondiferous  ore, 

Struthers',  48. 
Productus,  349,  396. 
Propeller  blades'  preservation  of,  140. 
Protection  for  the  mercantile  marine,  need 

of,  159. 

Protection  Society,  Sanitary,  193. 
Protocyathophyllum,  336;  quadrophyllum, 

337 ;  plicatum,  spinulosum,  338;  elegans, 

339;  Verilliense,  Dalryense,  340;  Charles- 

tonensc,  341. 
Protocyathophyllum,  modification  of,  342. 
Prussian  Government,  the,  works  by,  260. 
Ptolemy  Philopater,  galley  of,  134. 
Public  Health  Act  (Scotland),  99;  Ireland, 

100;  England,  100. 
Public  Health  (Scotland)  Act,  1867,  report 

by  Council  regarding  amendment  of,  539. 
Public  Health  (Scotland)  Act),  motion  to 

petition  the  Under-Secretary  of  State  and 

the  Lord  Advocate  as  to  amendment  of, 

543. 

Pyrgia,  318,  337,  333 ;  labechia,  333. 

Qua-Qua  river,  the,  201. 
Quango,  the,  213. 
Quincke,  37. 

Races,  Semitic,  hamitic,  position  of,  in 

Africa,  198. 
Rarinesquc,  reference  to,  352. 
Railways,  the  Orconera  Iron  Ore  Co.,  the 

Franco  Beige,  the  Provincial  Deputation, 

the  Bilbao  Iron  Ore    Co,,   167;  the 

Galdames,  167. 
Rain,  origin  of,  134. 

Randolph,  Elder  «fe  Co. ,  reference  to,  1  ,H8. 
Rankine,  W.  Macquom,  98. 
Rapids,  the  Karoabassa,  202. 
Ravenstein,  Mr.  E.  G.,  reference  to  maps 

of,  197. 
Realschule,  the,  13. 


Reasoning,  as  to  state  of,  6. 
Red  Sea,  86. 

Registrar-General,  mortality,  rates  of,  110. 
Registrar-General  for  Ireland,  41. 
Regnault,  reference  to,  82. 
Reid,  Dr.  Wm.  L.,  election  of,  522. 
Report  as  to  state  of  Society,  524. 
Report  of  "Library  Committee,  628. 
Report  of  Royal  Commission  respecting 

smallpox  and  fever  hospitals,  123. 
Reproduction  and  multiplication  of  corals, 

303. 

Retrospect,  a  sanitary,  by  Dr.  Russell,  116. 

Rhodomela  Pemiastroides,  254. 

Rhodomenia  Palmata,  242,  254. 

Rhodophyllum,  478 ;  Phillipsi,  480 ;  Craigi, 
simplex,  481 ;  Romeri,  Smnoni,  482. 

Richter  Otto,  Ph.D.,  on  the  action  of  heat 
and  the  chlorides  of  phosphorus  upon  the 
water-salts  of  hvpophosphorus,  phos- 
phorus, and  phosphoric  acids,  288,  357. 

Rigor  mortis,  in  reference  to  dead  meat 
traffic,  94. 

River  Diggings,  48. 

River,  Orange,  district,  48 ;  Vaal,  48. 

Robertson,  J.  M.,  M.A.,  proposed  election 
of,  523 ;  election  of,  530. 

Robinson,  Dr.,  41. 

Rock,  Blue,  49. 

Rome,  ancient  languages  of,  12. 

Rosolic  acid,  effed»  of  various  salts  and 

acids  on,  173. 
Rosolic  acid,  as  an  indicator,  173. 
Rotterdam,  soldering  tins  of  nitro-glycerine 

at,  276. 
Rough  wood,  404. 

Rowan,  Mr.  Fred.  J.,  proposed  election  of, 
523 ;  election  of,  530. 

Roman  Wall,  allusion  to,  22. 

Royal  Academy  of  Fine  Arts,  185. 

Royal  commissioners  on  technical  educa- 
tion, 8,  10. 

Royal  navv,  compass  used  in,  144. 

Ruanda,  the  river,  202 

Rubio,  163,  statistics  of,  168. 

Rue  Toumefort,  Paris,  reference  to  school 
in,  8,  10. 

Rugosa,  definition  of,  311. 

Rumford,  method  of  measurement  of,  83. 

Ruskin  Club,  reference  to,  103. 

Russell,  Jas.  B.,  M.A.,  M.D.,  41,  103,  116; 
election  of,  as  vice-president,  510. 

Rye  water.  Dairy,  378. 

Sabastiano,  Cabot,  discovery  of  Newfound- 
land by,  135. 
Sailing  ship,  extinction  of  the,  148. 
Saltmarket,  reference  to,  125. 
San  Nicolas,  furnaces  at,  170. 
San  Salvador,  209. 

Sandeman,  David,  on  technical  education,  4. 
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Sanderson,  Burdon,  38,  30,  123. 
Sanitarians,  amateur,  122. 
Sanitary  Authority,  100;  society,  41. 
Sanitary  Protection  Association,  Glasgow, 
185. 

Sanitary  Protection  Society,  193. 

Sanitary  and  Social  Economy  Section,  re- 
port of  tlie,  41,  648;  oflBce-bearers  of,  548 ; 
papers  read,  548. 

Sankuru,  the,  or  Lubilash,  213. 

Santandor,  hematite  ores  of,  172. 

Sarcodictyon,  318. 

Scarlet  fever,  tables  of,  111. 

Schaffner  k  Helbig,  method  of  recovering 
sulphur  of,  268. 

Scheinwurth,  discovery  by,  209. 

School  Board  of  Manchester,  8,  9. 

Schools,  elementary,  in  relation  to  work- 
shop,  5. 

Schools,  Lancasterian,  Marshall  St.,  Old- 
ham Road,  Sharp  St.,  Rue  Tournefort, 
10 ;  Technical,  18. 

Schools,  Weaving,  19. 

Science,  Yorkshire  College  of,  Leeds,  19. 

Scotch  Educational  Endowments,  Gommis- 
sioners  in  possession  of,  7. 

Scotland,  exportation  of  iron  to,  161. 

Scotland,  J.  Thomson  on  the  carboniferous 
corals  of,  269. 

Scotland,  West  of,  arrangement  of  milk- 
house  in,  107. 

Scott,  Mr.  Alex.,  116. 

Scourges,  the  four  bovine,  by  Mr.  Wcolley, 
109. 

Secretary,  election  of,  61 1 . 
Sections,  list  of  ofl&ce-bearers  of,  557. 
Secondary  Education,  20. 
Seidel,  reference  to,  83. 
Select  Committee  of  the  House  of  Commons, 
111. 

Sellar,  Jas.,  Jun.,  paper  on  the  work  of  the 
architectural  section,  past  and  future, 
547. 

Serpa  Pinto,  the  traveller,  opinion  of,  202. 
Servia,  s.s.,  87. 

Semitic  race,  position  of  in  Africa,  198. 
Senegambia,  the  Toucouleurs  of,  199. 
Semitic  tongue,  198. 
Sextant,  use  of,  146. 
Sharp  Street  School,  reference  to,  10. 
Shari  River,  the,  209. 
Shaw,  Capt.,  fire  brigade,  London,  183. 
Sheriflf,  99. 
Shields,  432,  493. 
Ships,  ancient,  form  of,  133. 
Ship,  modem,  136. 
Ship,  sailing,  extinction  of  the,  148. 
Shipping  Trade,  Nathaniel  Dunlop  on,  132. 
Shipping,  influence  of  lecislation  upon,  150. 
Ships,  and  Shipping  Trade  of  Great  Britain, 
ifathaniel  Dunlop  on,  132. 


Shir^,  the  upper,  201. 
Siemens,  Dr. ,  reference  to,  82. 
Siemens,  Dr.,  regenerating  gas  burners  of, 
521. 

Siemens,  the  process  of,  161. 

Slave  Hunting,  notes  on,  &c.,  by  James 

Stevenson,  f.R.G.S.,  197. 
Smallpox,  mortality  from,  in  Glasgow,  110. 
Smith,  Mr. ,  paper  on  Siemens'  lleverberatory 

Furnace,  &c.,  by,  549. 
Smith,  Roger  T.,  reference  to  paper  by, 

189. 

Smith,  Dr.  Angus,  on  proportion  of  oxygen 

in  the  air,  2. 
Smithfield,  the,  salesmen,  92. 
Sobrero,  discovery  of  nitro  glycerine  by, 

273. 

Society,  the  Anti-Slavei-y,  199. 
Society,  the  Epidemiological,  of  London, 
116. 

Society,  Royal  Geographical,  map  for,  197. 
Society,  Sanitary  Protection,  193. 
Sodium,  phosphate  of,  valuation  of,  177. 
Solar  Parallax,  methods  for  determining, 
521. 

Solvay,  first  patent  of,  267. 

South  Africa,  diamonds  in,  48. 

South  Africa,  Kaffir  tribes  of,  198. 

Sowerb^'s  Mineral  Conchology,  352. 

Spain,  iron  making  in,  170. 

Spain,  North  of,  some  account  of  the  iron 

ore  industry  in  the,  161. 
Spiller,  Mr.,  as  to  incrustation  in  boilers, 

256. 

Spanish,  shipbuilding  by,  135. 

St.  George's  Church,  removal  of,  184. 

St.  Helens,  chemical  manufactories  in,  258. 

Standard  candle,  82. 

Stanford,  £dw.  C.  C,  F.C.S.,  Vice-Presi- 
dent of  the  Chemical  section,  on  Algin, 
a  new  substance  obtained  from  some  of 
the  commoner  species  of  marine  algae, 
241,  531 ;  reference  to,  257. 

Stanley,  estimate  by,  200. 

Stanley  Falls,  211. 

Stanley  Pool,  210. 

Stassfurth  licjuors,  bromine  from  the,  261. 
State,  Orange  Free,  49. 
States,  United,  laws  of,  150. 
Statement  of  cost  of  buildings,  550. 
Statistics  of  iron  ore  out-put  in  Spain,  168. 
Steam-power,  use  of,  in  loading,  141. 
Stein,  32. 

Stevenson,  James,  F.K.G.S.,  on  the  water 
highways  of  Africa,  with  notes  on  slave 
hunting,  &c.,  197,  538. 

Stewart,  Mr.,  C.E.,  survey  by,  201. 

Stones,  the  decay  of  building,  22. 

Struthers'  process  for  pulverising  dlamon- 
diferous  ore  of,  48. 

Suakin,  208. 
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Suakiu-Berber  railway,  a  proposed,  216. 
Sub-semitic  tongue,  198. 
Sudan,  the,  199. 

Sudan,  the  Kgyptian,  the  population  of,  199. 

Sulphide  of  ammonium,  action  on  milk,  45. 

Sulphurett<i(l  hydrogen,  action  on  milk,  45. 

Sun,  approximate  photometric  measure- 
ment of,  SO. 

Supervision,  Board  of,  115. 

Surveyor,  the  Board  of  Trade,  153. 

Swau,  Joseph,  election  as  coiTespoudiog 
memVjer  of,  535. 

Sydney,  92. 

Symington,  reference  to,  136. 
Swan  lamp,  reference  to,  82. 
Sweden,  Mr.  Nobel's  factory  in,  276. 
Syringopora,  318,  328  ;  laxa,  32i8;  gigantea, 

329  ;  geniculata,  330 ;    catenata,   330 ; 

distans,  330 ;  ramulosa,  331 ;  reticulata, 

331,  328  ;  syringopora,  328  ;  pyrgia,  333; 

protocy atli < > pli y  11  n m ,  33(>. 

Tahiti,  millepora  from,  311. 

Tail-of-the-Bank,  shipping  men  at,  152. 

Tarse  mountains,  the,  209. 

Tatlock,  R.  R.,  F.R.S.E.,  F.LC,  F.C.S., 
President  of  the  Chemical  Section, 
address  to  Chemical  Section  by,  257; 
paper  on  the  history  of  some  of  the  chemi- 
cal manufactures  in  the  west  of  Scotland, 
549. 

Taylor,  Dr.  Penrith,  41. 

Taylor,  reference  to,  136. 

Tanganyika,  Lake,  200. 

Technical  education,  on,  David  Sandeman 
and  E.  M.  Dixon,  B.Sc  ,  4;  Royal  Com- 
mission on,  4,  8,  10. 

Terrace,  Mr  David,  proposal  of,  532;  elec- 
tion of,  533. 

Tet^,  rainfall  at,  198. 

Tetramitus  descissus,  32. 

Tetramitus  gyrans,  32,  33. 

Thinking,  awakening  of  sense  of,  (j. 

Thirapart,  466,  470,  473. 

Thomas-Gilchrist  process,  the,  171,  270. 

Thomson,  Mr.  George  C,  proposal  of,  536; 
election  of,  537. 

Thomson,  James,  F.G.S  ,  &c.,  on  the 
development  and  generic  relations  of  the 
corals  of  the  carboniferous  systems  of 
Scotland,  269,  537. 

Thomson,  Mr.  R.  T.,  on  the  use  of  rosolic 
acid  as  an  indicator,  59,  173,  549. 

Thomson,  Mr.  R.  T.,  paper  on  the  use  of 
litmus,  &c. ,  as  indicators,  by,  549. 

Thomson,  Sir  Wm.,  83,  88,  98;  his  compass, 
142 ;  his  sounding  machine,  145. 

Thomson,  Sir  Wm.,  F.R.S.,  &c.,  on  approxi- 
mate photometric  measurements  of  sun, 
moon,  cloudy  sky,  and  electric  and  other 
artificial  lights,  80,  530. 


'  Thomson,  Mr.  Wm.,  proposal  of,  632. 

Thysauophyllum,  331,  38/  ;  orientale,  388  ; 

minus,  389  ;  gigantea,  388. 
:  Tillina  barbata,  35  ;  magna,  36. 

Times,  the  London,  98. 
'  Tobacco  Smoke,  action  on  milk, 

Toucouleurs,  the,  of  Senegambia,  199. 

Totaro  Estate,  92. 

Tournefort,  Rue,  Paris,  reference  to  school 

in,  8,  10. 
Town  Council,  103,  109. 
Trade,  foreign,  153. 

Tra<le  of  Great  Britain,  shipping,  N.  Dun- 
lop  on,  132. 
I  Tramways,  wire,  168. 

Treasurer's  Accounts,  abstract  of,  526. 
I  Treasurer,  election  of,  511. 
,  Trepomonas  agilis,  32,  33. 

Trichomona,  35. 

Trust,  City  Improvement,  102. 

Tsad,  Lake,  209. 

TurnbuU,  Mr.  John,  election  of,  521. 
Turpentine,  action  on  milk,  45. 
Typhoid  fever  in  Glasgow,  105. 
Typhus  fever  in  Glasgow,  102. 
Typo -nucleus  theory,  the,  288. 

,  Ubanji  nation,  the,  212. 
Ukere,  the,  212. 
University,  Glasgow,  102. 
United  States,  laws  of,  150. 
United  States,  freezing  of  uitro-glycerine 
in,  277. 

,  Units,  British,  81  ;  conference  of  electors, 
82. 

i  Upper  Aluuia,  212. 

Ure,  Lord  Provost,  185. 
'  Urine  (Stale),  action  on  milk  of,  46. 

Urua,  metals  in,  214. 

Uinia,  ravages  in,  199. 

Uniburu,  Don  Francisco,  reference  to,  162. 

Vaal  District,  48. 
Vandalism,  act  of,  28. 
I  Vasco  de  Gamma,  voyages  of,  135. 
Velo-phistic,  242. 

I  Vena  Dulco,  163;  statistics  of,  168. 

i  Verd,  Cape,  199. 

I  Verrill,  Prof.,  reference  to,  311. 

Vestries,  124. 
i  Victoria  Falls,  the,  200. 

Victoria,  Lake,  rainfall  at,  198. 
'  Vice-President,  election  of,  51. 
I  Victoria,  Queen,  accession  of,  97. 

VioUe,  Mr  ,  his  experiments,  83. 
I  Vivi,  210. 

Volumetric  process  for  the  estimation  of 
1    cobalt  and  nickel,  by  John  Clark,  Ph.D., 

F.LC,  F.C.S.,  293. 
Von  Mechow,  reference  to,  213. 
Vulcan,  the,  136. 
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Waldheim,  Fisclierde,  reference  to,  318. 

Wales,  South,  exportation  of  iron  to,  161. 

Walker,  John  A.,  of  Dublin,  reference  to, 
242.  I 

Wall,  Roman,  allusion  to,  22.  ' 

WsJlace,  Dr.  Wm.,  paper  on  the  decay  of 
building  stone,  by,  22,  183,  546;  on 
insensibility  arising  from  a  diminished 
quantity  of  oxygen  in  the  air,  1,  529. 

Walley,  T.,  Professor  of  Veterinary  Sur- 
gery and  Medicine  in  the  Dick  Veterinary 
College  in  Edinburgh,  109. 

Watwn,  Dr.  Eben..  127.  i 

Watson,  T.  L.,  Esq.,  paper  on  square- 
dressed  rubble,  by,  546. 

Watt,  reference  to,  82. 

Watt  &  Wilson,  contractors,  23. 

Weir,  Mr.  A.  C,  on  the  physiology  of  i 
articulate  speech,  534.  , 

Weldon,  estimates  by,  264. 

Weldon,  Mr. ,  paper  to  the  Society  of 
Chemical  Industry,  by,  267.  | 

Welle,  the  river,  209. 

Wemyss  Bay  stone,  25,  26. 

West  of  Scotland,  arrangement  of  milk- 1 
house  in,  107. 

West  Griquahmd,  48.  | 

Western  Islands,  source  of  revenues  of,  241. 

White,  Mr.  James,  of  Glasgow,  apparatus 
by,  221. 

Whitehaven,  hematite  iron  at,  161 .  i 
Whitelaw,  Mr.  Alex.,  reference  to,  258.  I 
Whitson,  Dr.  James,  proposed  election  of, 

524;  election  of,  530. 
Whitwortli,  Sir  Joseph,  his  scholarships, 

15.  I 
Wilson,  Professor  Alex.  S.,  M.A.,  B.Sc, 

Anderson's   College,  Glasgow,  on  the  | 

fertilisation  of  flowers,  225,  523. 
Wire  Tramways,  168. 


Wissnian,  reference  to,  213. 
Wiston,  Lesmahagow,  345. 
Wistown,  322,  402,  403. 
Wood,  John  &  Charles,  of  Port-CUasgow, 
136. 

Wodehouse,  Sir  Philip,  Governor  of  Cape 
Colony,  48. 

Works,  Metropolitan  Board  of,  188. 

Wiinsch,  E.  A.,  F.G.S.,  election  as  corres- 
ponding member  of,  535. 

Yarza,  Don  Ramarde,  paper  by,  166. 
York,  experiment  on  moonlight  at,  83; 

meeting  of  B.  A.  at,  83. 
Yorkshire  College  of  Science,  Leeds,  19. 
Young,  Mr.,  200. 

Young,  Mr.  John  D.,  162  Buchanan  Street, 
election  of,  522. 

Zaire,  the,  or  Livingstone  or  Congo,  209. 

Zambesi,  the,  201. 

Zambesi  Valley,  the  Upper,  200. 

2^nzibar  Coast,  route  to  the,  201. 

Zaphrcntes,  337,  364 ;  intermedia,  cyathina, 
amphitheca,  366  ;  Edwardsiaua,  Gueranr 
sen,  367 ;  Bowerbanki,  spinulosa ;  Grlf- 
nthi,  Clifibrdana,  368 ;  centralis,  vermi- 
cularis,  patula,  369 ;  Phillips!,  Omalinsi, 
370 ;  tuberculata,  intermedia,  371,  cya- 
thina, Edwardsiana,  guerangeri,  Bower- 
bankii,  vermicularis,  centralis,  372,  amphi- 
theca, 372. 

Zoantharia  rueosa,  37  ;  classification  of,  317, 
cyathophylmm,  diph^phyllum,  Kdnincko- 
pnyllum,  Lithostrotian,  Lonsdalia,  Phil- 
lipsastrea,  Thysanophyllum,  317. 

ZomU,  202. 

Zostera  marina,  paper  from,  243,  254. 
Zymotic  diseases,  dissemination  by  milk 
of,  41. 
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